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ABSTRACT
A cid  m u c o p o ly s a c c h a r id e  (AMPS) c o n t e n t  o f  p o r c i n e  m u s c le s  was 
s t u d i e d  i n  r e l a t i o n s h i p  to  t e n d e r n e s s  and  W isc o n s in  p o r k  q u a l i t y  s c o r e s .  
T w e n ty - fo u r  p i g s  w e ig h in g  95 k g .  w ere  u s e d .  C a r c a s s e s  w e re  c h i l l e d  
f o r  24 h r s -  a t  3°C. b e f o r e  c u t t i n g .  W isc o n s in  p o rk  q u a l i t y  s c o r e s  w e re  
a p p l i e d  b y  a  th ree -m em ber p a n e l .  A r i b  chop 3 .2  cm. t h i c k  was rem oved 
from t h e  l o n g i s s im u s  d o r s i  a t  t h e  1 0 th  r i b  o f  13 c a r c a s s e s  f o r  t e n d e r ­
n e s s  e v a l u a t i o n .  M u sc le s  removed from  eac h  c a r c a s s  w e re :  semimembrano-
so u s  (SM) s l o n g i s s im u s  d o r s i  (LD ), b i c e p s  f e m o r i s  (B F ) , p i r i f o r m i s  and  
g l u t e u s  m ed iu s  (PGM). I n d i v i d u a l  m u s c le s  w ere  trimmed o f  a l l  s u r r o u n d ­
in g  f a t  and  c o n n e c t iv e  t i s s u e  and  g ro u n d  tw ic e  th ro u g h  a  l a b o r a t o r y -  
s i z e  fo o d  g r i n d e r  f i t t e d  w i th  a  0 .5  cm. p l a t e .  Ground sam p le s  w ere  
d e f a t t e d  w i t h  a c e t o n e ,  d r i e d  and  g ro u n d  i n t o  a  f i n e  p ow der .
D u p l i c a t e  10 gram sam p les  w ere  s o l u b i l i z e d  in  0 .5  N NaOH and 
d i g e s t e d  w i t h  0 .1  gm. P ro n a s e  enzyme f o r  24 h r s .  a t  40°C . a g a i n s t  24 1. 
o f  0 . 1  M sod ium  p h o s p h a te  b u f f e r ,  pH 7 . 8 .  F o l lo w in g  d i g e s t i o n ,  samples; 
w ere  p r e c i p i t a t e d  w i t h  12% t r i c h l o r o a c e t i c  a c i d  to  o b t a i n  " d e rm a ta n  
s u l f a t e . ” The f i l t r a t e  c o l l e c t e d  was c o n c e n t r a t e d  and f i l t e r e d  to  ob ­
t a i n  r e s i d u a l  AMPS m i x t u r e  and e f f l u e n t  f r a c t i o n ,  r e s p e c t i v e l y .  A nion  
exchange  c h ro m a to g ra p h y  was u se d  t o  f r a c t i o n a t e  r e s i d u a l  AMPS m i x t u r e  
i n t o  " g l y c o p r o t e i n , "  h y a l u r o n i c  a c i d ,  c h o n d r o i t i n ,  c h o n d r o i t i n  s u l f a t e s  
A & C and  h e p a r i n  f r a c t i o n s .  H exosam ine c o n t e n t  was d e t e r m in e d  on a l l  
f r a c t i o n s  c o l l e c t e d .
viii
No s i g n i f i c a n t  d i f f e r e n c e s  w e re  o b s e r v e d  b e tw e e n  m u s c l e s  f o r  any  
o f  t h e  AMPS s t u d i e d .  H ow ever ,  i t  was c o n s i s t e n t l y  fo u n d  t h a t  t h e  two 
m a j o r  m u s c le s  o f  t h e  ham (SM & BF) h a d  a  h i g h e r  h e x o sa m in e  c o n t e n t  i n  
" d e rm a ta n  s u l f a t e , "  r e s i d u a l  AMPS m i x t u r e ,  " g l y c o p r o t e i n , "  h y a l u r o n i c  
a c i d  and  c h o n d r o i t i n  t h a n  d i d  t h e  l o i n  m u s c le  (L D ). The l o n g i s s i m u s  
d o r s i  m u s c le  h a d  h i g h e r  h e x o s a m in e  c o n t e n t  i n  c h o n d r o i t i n  s u l f a t e s  
A & C. No d i s c e r n i b l e  d i f f e r e n c e s  c o u l d  b e  fo u n d  b e tw e e n  m u s c l e s  i n  
c o n t e n t  o f  h e p a r i n .
P a l e ,  s o f t ,  e x u d a t i v e  (PSE) p o r c i n e  m u s c le  h a d  a  s i g n i f i c a n t l y  
(P <, .0 5 )  h i g h e r  h e x o s a m in e  c o n t e n t  o f  " d e r m a ta n  s u l f a t e , "  r e s i d u a l  
AMPS m i x t u r e ,  " g l y c o p r o t e i n "  and  c h o n d r o i t i n  t h a n  d i d  n o rm a l  m u s c l e .  
H exosam ine  c o n t e n t s i n  h e p a r i n  f o r  n o r m a l  and  PSE m u s c l e  w e re  2 0 .8 4  
and  1 3 . 4 4 / i g . / g m .  t i s s u e ,  r e s p e c t i v e l y .  The d i f f e r e n c e  fo u n d  was 
h i g h l y  s i g n i f i c a n t  (P ^ . 0 1 ) .  A s i g n i f i c a n t  (P .0 5 )  q u a d r a t i c  r e ­
s p o n s e  was fo u n d  i n  h e x o s a m in e  c o n t e n t  o f  c h o n d r o i t i n  s u l f a t e s  A & C 
a s  p o r k  q u a l i t y  d e v i a t e d  f ro m  n o rm a l  t o  PSE c o n d i t i o n .
A h i g h l y  s i g n i f i c a n t  (P  <  .0 1 )  p o s i t i v e  c o r r e l a t i o n  was fo u n d  
b e tw e e n  s h e a r  v a l u e  and " d e r m a ta n  s u l f a t e . "  A h y p o t h e s i s  was m ade t h a t  
t e n d e r n e s s  v a r i a t i o n  o b s e r v e d  i n  p o r k  m u s c l e  was p r o b a b l y  due  t o  t h e  
s t a t e  o f  c o n n e c t i v e  t i s s u e ,  s p e c i f i c a l l y  m o l e c u l a r  c r o s s - l i n k a g e s .
No s i g n i f i c a n t  c o r r e l a t i o n s  w e re  fo u n d  b e tw e e n  s h e a r  v a l u e  and  c h o n ­
d r o i t i n  o r  c h o n d r o i t i n  s u l f a t e s  A '& C.
ix
INTRODUCTION
A cid  m u c o p o ly s a c c h a r id e s  (AMPS) a r e  p e r h a p s  t h e  m o s t  s i g n i f i c a n t  
com ponents  w i t h i n  t h e  am orphous g ro u n d  s u b s t a n c e .  The g ro u n d  s u b s t a n c e  
i s  t h e  a m p h o te r i c  m a t e r i a l  w h ich  b a t h e s  t h e  i n d i v i d u a l  com ponents  o f  
m u s c l e .  C e l l s  c a r r y  o u t  t h e i r  b i o l o g i c a l  p r o c e s s e s  w i t h i n  t h e  g round  
s u b s t a n c e .  A l l  s u b s t a n c e s  e n t e r i n g  and  l e a v i n g  m u s c le  and c o n n e c t iv e  
t i s s u e  c e l l s  m us t p a s s  th ro u g h  th e  g ro u n d  s u b s t a n c e  so  t h a t  c h a n g e s  in  
i t s  s t a t e  and c o m p o s i t io n  may e x e r t  p ro fo u n d  i n f l u e n c e  on th e  l i f e  o f  
th e  i n d i v i d u a l  f i b e r s .
B eca u se  AMPS h a v e  b e e n  shown to  b e  a s s o c i a t e d  w i t h  num erous b i o ­
c h e m ic a l  and p h y s i o l o g i c a l  p r o c e s s e s ,  i n t e r e s t  h a s  g r e a t l y  i n c r e a s e d  
c o n c e r n in g  t h e i r  m e t a b o l i c  f u n c t i o n s  and d e g r a d a t i o n .  G ersh  and  C a tc h -  
p o l e  (1960) showed AMPS to  b e  i n v o l v e d  w i t h  b in d i n g  w a t e r  and  c a t i o n s  i n  
a d d i t i o n  t o  m a i n t a i n i n g  t h e  h o m e o s t a s i s  o f  e x t r a c e l l u l a r  s p a c e s .  A r e c e n t  
r e v ie w  by Brimacombe and  Webber (1964) r e v e a l e d  t h a t  num erous p h y s i o l o g i ­
c a l  a b n o r m a l i t i e s  in v o l v e d  a l t e r a t i o n s  o f  g round  s u b s t a n c e  t h e r e b y  a f f e c t ­
i n g  t h e  AMPS i n  c o n n e c t iv e  t i s s u e  and  body f l u i d s .  I t  was s p e c u l a t e d  
t h a t  num erous v i s u a l  ch an g e s  o b s e r v e d  w ere  a  r e f l e c t i o n  o f  m ore s u b t l e  
c h a n g e s ,  p r o b a b ly  s t r u c t u r a l  i n  n a t u r e .  S e v e r a l  AMPS h av e  b e e n  shown to  
be  i n v o l v e d  w i th  t h e  s t r u c t u r a l  s t a b i l i t y  o f  c o l l a g e n .
A c id  m u c o p o ly s a c c h a r id e s  h a v e  b e e n  i s o l a t e d  and  i d e n t i f i e d  from  
many d i v e r s e  ty p e s  o f  t i s s u e s .  However, a  r e v ie w  o f  a v a i l a b l e  l i t e r a t u r e  
r e v e a l e d  no i n f o r m a t i o n  r e g a r d i n g  t h e i r  o c c u r r e n c e  a n d / o r  in v o lv e m e n t  i n
p o r c i n e  s k e l e t a l  m u s c l e ,  p a r t i c u l a r l y  t h e i r  i n f l u e n c e  upon m u s c le  q u a l i t y  
f a c t o r s  such  a s  c o l o r ,  f i r m n e s s ,  w a t e r  b i n d i n g  c a p a c i t y  and  t e x t u r e .
P o rk  q u a l i t y  h a s  b een  shown to  v a r y  w id e ly  among b r e e d s ,  a n im a ls  
and e n v i ro n m e n ta l  c o n d i t i o n s .  Numerous p o s t -m o r te m  b io c h e m ic a l  and p h y s i o ­
l o g i c a l  changes  w h ich  p o rk  m u sc le  u n d e rg o e s  i n  i t s  t r a n s f o r m a t i o n  to  m e a t  
a r e  a s s o c i a t e d ,  i n d e p e n d e n t l y  o r  j o i n t l y ,  w i t h  t h e  d e v e lo p m e n t  o f  p a l e ,  
s o f t ,  e x u d a t iv e  (PSE) m u s c u l a t u r e .  C h a r a c t e r i s t i c s  a s s o c i a t e d  w i th  PSE 
m u s c le  i n c l u d e :  low w a t e r  b in d i n g  c a p a c i t y  due to  th e  p r e c i p i t a t i o n  o f
th e  s a r c o p la s m ic  p r o t e i n s  o n to  m y o f i b r i l l a r  p r o t e i n s ;  ch a n g e s  i n  c e l l  p e r ­
m e a b i l i t y ;  open  f i b r i l l a r  s t r u c t u r e  a t  a l l  p h a s e s  a f t e r  o n s e t  o f  r i g o r ;  
and i n c r e a s e d  rem o v a l  o f  m u s c le  from  bone  due t o  p o s s i b l e  a l t e r a t i o n  i n  
c o n n e c t i v e  t i s s u e .  A l l  o f  t h e s e  c h a r a c t e r i s t i c s  a r e  p r e v a l e n t  when a 
r a p i d  r a t e  o f  g l y c o l y s i s  o c c u r s ,  c a u s in g  a  s u b s e q u e n t  lo w e r in g  o f  pH 
(< 5 .3 )  a t  h ig h  m u s c le  t e m p e r a t u r e  ( 4 0 ° C .)  im m e d ia te ly  p o s t -m o r te m .  How­
e v e r ,  t e n d e r n e s s  v a r i a t i o n  o b s e rv e d  i n  p o r k  m u s c le  h a s  n o t  b e e n  a t t r i b u t e d  
to  PSE m u sc le  p e r  s e .
D e f i n i t e  r e l a t i o n s h i p s  o f  AMPS to  v a r i a t i o n s  i n  p o rk  q u a l i t y  a r e  
unknown. T h e r e f o r e ,  t h e  m a jo r  o b j e c t i v e s  o f  t h i s  s tu d y  w e re :  (1) to
q u a n t i t a t e  v a r i o u s  AMPS i n  f o u r  p o r k  m u s c l e s ,  (2) t o  q u a n t i t a t e  AMPS i n  
n o rm a l and p a l e ,  s o f t ,  e x u d a t i v e  (PSE) m u s c l e ,  and  (3) t o  d e t e r m in e  th e  
r e l a t i o n  be tw een  s p e c i f i c  AMPS and s h e a r  v a l u e  o f  t h e  L o n g iss im u s  d o r s i  
m u s c l e .
LITERATURE REVIEW
C h e m is try  o f  A c id  M u c o p o ly s a c c h a r id e s
A cid  m u c o p o ly s a c c h a r id e s  may b e  th o u g h t  o f  a s  t h e  a m in o - s u g a r  
c o n t a i n i n g  p o l y s a c c h a r i d e  o f  t h e  a n im a l  kingdom (Brimacombe and  W ebber, 
1 9 6 4 ) .  T h is  te rm  AMPS i s  m a in ly  a p p l i e d  to  t h o s e  n o n -b ra n c h e d  p o ly m e rs  
composed o f  a l t e r n a t i n g  u r o n i c  a c i d  and  N - a c e ty lh e x o s a m in e  g ro u p s  w h ich  
may o r  may n o t  b e  s u l f a t e d .
F o l lo w in g  th e  d ev e lo p m en t  o f  im proved  m e thods  o f  i s o l a t i o n  and  
a n a l y s e s ,  s t r u c t u r e s  o f  t h e  AMPS and  r e l a t e d  compounds h a v e  e x c i t e d  
i n t e r e s t  f o r  a  number o f  y e a r s .  A l th o u g h  some a s p e c t s  re m a in  o b s c u r e ,  
m os t o f  t h e  fu n d a m e n ta l  s t r u c t u r a l  d e t a i l s  h av e  b e e n  w orked o u t .
A cid  m u c o p o ly s a c c h a r id e s  a r e  o f  two t y p e s ,  n o n s u l f a t e d  and  s u l f a t e d .  
Two m a jo r  n o n s u l f a t e d  AMPS a r e  h y a l u r o n i c  a c i d  and  c h o n d r o i t i n ,  and i s o m e r  
o f  h y a l u r o n i c  a c i d  i n  w h ich  th e  N - a c e ty lg lu c o s a m in e  i s  r e p l a c e d  by  N- 
a c e t y l g a l a c t o s a m i n e  (M eyer, 1 9 6 6 ) .  The s u l f a t e d  AMPS, t h e  l a r g e s t  g ro u p ,  
h a v e  s u l f a t e  and  u r o n i c  a c i d  i n  t h e  same m o le c u le .  The t h r e e  c h o n d r o i t i n  
s u l f a t e s ,  A, B (d e rm a ta n  s u l f a t e ) ,  and  C, a r e  c o n s i d e r e d  to  b e  t h e  m os t 
im p o r t a n t  s u l f a t e d  AMPS. A l th o u g h  th e y  p o s s e s s  s i m i l a r  s t r u c t u r e s ,  d i f ­
f e r e n c e s  e x i s t  w i t h i n  t h e i r  r e p e a t i n g  d i s a c c h a r i d e  u n i t s  (M eyer, 1 9 6 5 a ) . 
The o n ly  known s t r u c t u r a l  d i f f e r e n c e  b e tw ee n  ^ c h o n d r o i t i n  s u l f a t e s  A and 
C i s  th e  p o s i t i o n  o f  t h e  s u l f a t e  g ro u p .  I n  c h o n d r o i t i n  s u l f a t e  A, t h e  
s u l f a t e  i s  on t h e  number 4 p o s i t i o n  o f  g a l a c to s a m in e ;  c h o n d r o i t i n  s u l f a t e  
C c o n t a i n s  t h e  s u l f a t e  g ro u p  on t h e  num ber 6 p o s i t i o n  (M eyer, 1 9 6 5 a ) .  
D erm atan  s u l f a t e  i s  an  i s o m e r  o f  c h o n d r o i t i n  s u l f a t e  A, b u t  c o n t a in s
L - i d u r o n i c  a c i d  i n s t e a d  o f  D - g lu c u r o n ic  a c i d  a s  t h e  m ain  u r o n i c  a c i d  
(M eyer, 1 9 6 5 a ) . A n o th e r  s u l f a t e d  m u c o p o ly s a c c h a r id e  w h ich  h a s  r e c e i v e d  
c o n s i d e r a b l e  a t t e n t i o n  i s  h e p a r i n .  The s t r u c t u r e  o f  h e p a r i n  i s  i n  m arked  
c o n t r a s t  t o  t h e  c h o n d r o i t i n  s u l f a t e s .  H e p a r in  c o n t a i n s  e q u im o la r  am ounts  
o f  D - g l u c u r o n i c  a c i d  and  g lu c o sa m in e  and i s  d i s t i n g u i s h e d  by  h a v i n g  t h e  
a m in o - s u g a r s  N - s u l f a t e d  r a t h e r  th a n  N - a c e t y l a t e d  and  b y  t h e  s u l f a t e  
g ro u p s  on  t h e  num ber 6 c a rb o n  o f  g lu c o sa m in e  and  th e  number 2 c a rb o n  o f  
g l u c u r o n i c  a c i d  ( E n g e lb e r g ,  1963; Brimacombe and  Webber, 1 9 6 4 ) .
S u l f a t e d  AMPS, p r o b a b ly  from  e v e ry  s o u r c e ,  a r e  c o v a l e n t l y  l i n k e d  
to  p r o t e i n s .  A t l e a s t  two ty p e s  o f  bonds a r e  fo u n d  i n  p o l y s a c c h a r i d e -  
p r o t e i n  com plexes  (M eyer, 1 9 6 5 b ) . One i s  t h e  a l k a l i - l a b i l e  O - g l y c o s i d i c  
bond b e tw e e n  a  c a r b o h y d r a t e  and th e  h y d ro x y l  g ro u p  o f  s e r i n e  o r  t h r e o n i n e  
o r  b o th  i n  th e  p r o t e i n  c o r e  (A n d erso n  e t  a l . ,  1 9 6 3 ) .  The seco n d  i s  t h e  
a l k a l i - s t a b l e  N - g l y c o s i d i c  bond b e tw een  a  c a r b o h y d r a t e  and th e  amido 
group  o f  a s p a r a g i n e  o r  g lu t a m in e  o r  b o th  i n  t h e  p r o t e i n  (A nderson  _et _a l . ,  
1963; M eyer ,  1 9 6 5 b ) .  In  many o f  t h e  p o l y s a c c h a r i d e - p r o t e i n  c o m p lex es ,  
more th a n  one  ty p e  bond may be fo u n d ,  i . e . ,  b o th  0 -  and  N - g l y c o s i d i c  
bonds may be  a t t a c h e d  o n to  t h e  p r o t e i n  (M eyer, 1 9 6 5 b ) .  In v o lv e m e n t  o f  
t h e  h y d r o x y l  g ro u p  o f  s e r i n e  i n  t h e  O - g l y c o s i d i c  l i n k a g e  i n  p e p t i d e s  o f  
c h o n d r o i t i n  s u l f a t e s  A and  C was f i r s t  shown by  A nderson  ^ t  _al. ( 1 9 6 3 ) .  
T hese  w o r k e r s ,  i n  a d d i t i o n  to  M uir  (1 9 6 4 ) ,  h a v e  p ro v id e d  e v id e n c e  show ing 
t h a t  t h e  O - g l y c o s i d i c  bond b e tw e e n  s e r i n e  and  c h o n d r o i t i n  s u l f a t e s  A and 
C i s  c l e a v e d  i n  0 .5  N NaOH s o l u t i o n .  A l k a l i  c a t a l y z e s  th e  ^ - c a r b o n y l  
e l i m i n a t i o n  o f  t h e  c a r b o h y d r a t e  from  th e  h y d r o x y l  o f  s e r i n e  w i t h  t h e  co n ­
c o m i ta n t  r e l e a s e  o f  t h e  c h o n d r o i t i n  s u l f a t e s  (A nderson  e t  a l . ,  1 9 6 3 ) .  In
c o n t r a s t  t o  t h e  p r e c e d i n g  com p lex ,  th e  p o l y s a c c h a r i d e - p r o t e i n  com plex  o f  
d e rm a tan  s u l f a t e  i s  n o t  e x t r a c t e d  by a l k a l i n e  s o l u t i o n s  (Hoffman e t  a l . ,  
1 9 5 7 ) .  Two f a c t o r s  w h ich  c o n t r i b u t e  t o  t h e  d i f f i c u l t y  i n  e x t r a c t i o n  
o f  d e rm a ta n  s u l f a t e  from  t i s s u e  f o l l o w in g  a l k a l i  s o l u b i l i z a t i o n  a r e :
(1 )  c l o s e  a s s o c i a t i o n  o f  d e rm a ta n  s u l f a t e  w i t h  h i g h l y  c r o s s - l i n k e d  i n ­
s o l u b l e  c o l l a g e n ,  and  (2) t h e  p red o m in an ce  o f  a l k a l i  s t a b l e  N - g l y c o s i d i c  
l i n k a g e s  p r e s e n t  i n  th e  p o l y s a c c h a r i d e - p r o t e i n  com plex  o f  d e rm a ta n  s u l ­
f a t e  (Hoffm an e t  a l . .  1957; M eyer ,  1 9 6 5 b ) .  T h u s ,  m o s t  a l l  AMPS o b t a i n e d  
a r e  a r t e f a c t s — t h e  b reakdow n  p r o d u c t s  o f  p r o t e i n  c o m p le x e s - - in  p a r t  f r e e  
o f  p e p t i d e s ,  i n  p a r t  s t i l l  c o v a l e n t l y  l i n k e d  to  p e p t i d e  c h a in s  o f  v a r i ­
a b l e  l e n g t h  (M eyer, 19 6 6 ) .
M e ta b o l i c  F u n c t i o n s  o f  A c id  M u c o p o ly s a c c h a r id e s
Many m u c o p o ly s a c c h a r id e s  f u l f i l l  d i v e r s e  b io c h e m ic a l  and p h y s i o ­
l o g i c a l  f u n c t i o n s  i n  t h e  a n im a l  body . S e v e r a l  AMPS fo rm  th e  c a r b o h y d r a t e  
c o n s t i t u e n t s  o f  c o n n e c t iv e  t i s s u e ,  w hich  b i n d  and  s u p p o r t  t h e  v a r i o u s  com­
p o n e n t s  o f  t h e  body . The p r i n c i p a l  com ponents  r e c o g n i z e d  i n  a l l  c o n n e c ­
t i v e  t i s s u e  a r e :  (1 )  c e l l s ,  (2 )  e x t r a c e l l u l a r  f i b e r s ,  and  (3) e x t r a c e l l u l a r
g ro u n d  s u b s t a n c e  (Brimacombe and  Webber, 1 9 6 4 ) .  The e x t r a c e l l u l a r  m a t e r i a l  
o f  conneo>:ive t i s s u e  i s  made up  o f  f i b r o u s  p r o t e i n s ,  su c h  a s  c o l l a g e n ,  
e l a s t i n  and  r e t i c u l i n ;  and  i t  i s  t h e s e  com ponents  embedded i n  t h e  g round  
s u b s t a n c e  w hich  g i v e  c o n n e c t iv e  t i s s u e s  t h e i r  m ain  c h a r a c t e r i s t i c s .  The 
to u g h n e s s  and  f l e x i b i l i t y  o f  c a r t i l a g e  and  te n d o n ,  f o r  exam ple ,  h a s  been  
a t t r i b u t e d  to  m a c ro m o le c u la r  a g g r e g a t e s  o f  c h o n d r o i t i n  s u l f a t e - p r o t e i n  
com plexes  l in k e d  to  t h e  f i b r i l l a r  s u b s t a n c e  c o l l a g e n  (Mathews and L o z a i t y t e ,  
1958; and  M athews, 1 9 6 5 ) .
B ecause  m u c o p o ly s a c c h a r id e s  a r e  o f  l a r g e  m o l e c u l a r  w e ig h t  and  th u s  
u n a b l e  to  p a s s  th ro u g h  c e l l  w a l l s ,  t h e y  may b e  im p o r t a n t  f a c t o r s  i n  m a in ­
t a i n i n g  th e  h o m e o s t a s i s  o f  e x t r a c e l l u l a r  s p a c e s .  D orfm an (1958) h a s  
s u g g e s t e d  t h a t  t h e  a c i d i c  m u c o p o ly s a c c h a r id e s  h a v e  a  r o l e  i n  a  number 
o f  p h y s i o l o g i c a l  and p a t h o l o g i c a l  p r o c e s s e s  i n c l u d i n g  c o n t r o l  o f  e l e c t r o ­
l y t e s  and w a t e r  i n  e x t r a c e l l u l a r  f l u i d s ,  bone c a l c i f i c a t i o n ,  wound h e a l ­
i n g ,  and  s t r u c t u r a l  s t a b i l i t y  o f  c o n n e c t i v e  t i s s u e .  P a r t i c i p a t i o n  o f  
AMPS i n  a  number o f  t h e s e  f u n c t i o n s  i s  u n d o u b te d ly  a s s o c i a t e d  w i t h  t h e i r  
p o l y a n i o n i c  c h a r a c t e r  r e s u l t i n g  from th e  p r e s e n c e  o f  u n i f o r m ly  s p a c e d  
c a r b o x y l  and s u l f a t e  g ro u p s  (Dorfman and  S c h i l l e r ,  1958; Meyer and Rap­
p o r t ,  1951; Brimacombe and W ebber, 1964) .
A l l  n e g a t i v e  c h a r g e s  on th e  AMPS a r e  acc o m p an ied  by  a  c a t i o n .  Thus, 
t h e  l a r g e  number o f  a n i o n i c  g ro u p s  g i v e s  t h e  m o le c u le  t h e  p r o p e r t y  o f  a  
m o d i f i e d  io n  e x c h a n g e r ;  t h a t  i s ,  some o f  t h e  c a t i o n s  may b e  ex ch an g ed  by 
o t h e r  c a t i o n s  u n d e r  c e r t a i n  c o n d i t i o n s .  I f  Na"^ and  a r e  t h e  c o u n t e r  
i o n s ,  a p p r o x im a te ly  50% a r e  so  t i g h t l y  bound t h a t  th e y  a r e  o s m o t i c a l l y  i n ­
a c t i v e .  A l d r i c h  (1958) r e p o r t e d  C a ^  t o  b e  so t i g h t l y  bound to  h y a l u r o n i c  
a c i d  t h a t  i t  was n o t  e a s i l y  r e p l a c e d  by  e i t h e r  Na+  o r  K+ . S i l v e r  je t  a l . 
(1957) s u g g e s te d  g round  s u b s t a n c e  and r e l a t e d  f i b e r s  to  be  a  r e s e r v o i r  
f o r  Na-*-, and t h a t  Na+  a f f e c t e d  t h e  p h y s i c a l  p r o p e r t i e s  o f  b lo o d  v e s s e l  
c o n n e c t i v e  t i s s u e .  Abood and  A bul-H aj (1956) p o s t u l a t e d  t h a t  h y a l u r o n i c  
a c i d  may c o n t r o l  t h e  r e l e a s e  o f  Na+  and K+  in  nerves- th ro u g h  t h e  d e -  and 
r e - p o l y m e r i z a t i o n  o f  t h e  m o l e c u l e .  D u n s to n  (1962) o b s e rv e d  t h a t  th e  
d e g r e e  o f  p o l y m e r i z a t i o n  a f f e c t e d  t h e  s t r e n g t h  o f  e l e c t r o s t a t i c  b in d i n g  
o f  c a t i o n s  and t h a t  b i n d i n g  was f u r t h e r  a l t e r e d  when m u c o p o ly s a c c h a r id e s
w e re  com p lex ed  w i th  p r o t e i n .  T h u s ,  AMPS may p l a y  a  s i g n i f i c a n t  r o l e  a s  
i o n  e x c h a n g e r s  i n  t i s s u e ,  a c t i n g  a s  a  r e s e r v o i r  f o r  s p e c i f i c  i o n s  such  a s
i * 1 .
Na a n d / o r  K , o r  b y  c o n t r o l l i n g  t h e i r  movement a c r o s s  c e l l  m em branes .
C h o n d r o i t i n  s u l f a t e  h a s  b e e n  s u g g e s t e d  a s  a  n e c e s s a r y  f a c t o r  i n  
c a l c i f i c a t i o n  o f  b o n e .  S o b e l  (1955) p o s t u l a t e d  t h a t  c h o n d r o i t i n  s u l f a t e ,  
t o g e t h e r  w i t h  c o l l a g e n ,  was r e s p o n s i b l e  f o r  i n i t i a t i n g  t h e  p r o c e s s  o f  
c r y s t a l  f o r m a t i o n  i n  b o n e .  I n  a d d i t i o n  to  t h i s , c a l c i f i c a t i o n  o f  bone  
h a s  b e e n  a s s o c i a t e d  w i t h  a  c h a n g e  i n  t h e  g ro u n d  s u b s t a n c e  ( L a c r o i x ,  1 9 5 6 ) .  
R ub in  and  Howard (1 9 5 0 )  o b s e r v e d  a  c h a n g e  i n  t h e  g ro u n d  s u b s t a n c e  d u r in g  
c a l c i f i c a t i o n  o f  b o n e ,  when t h e  g ro u n d  s u b s t a n c e  was s t a i n e d  w i t h  t o l u i -  
d i n e  b l u e .  T h ese  w o r k e r s  fo u n d  a  c h a n g e  i n  t h e  c o n c e n t r a t i o n  o f  c h o n ­
d r o i t i n  s u l f a t e  and  s u g g e s t e d  t h a t  an  i n t e r a c t i o n  b e tw e e n  Ca^+  and  AMPS
o f  t h e  m a t r i x  may b e  o c c u r r i n g .  S o b e l  and  B u r g e r  (1954 )  o b s e r v e d  t o l u i -
2+d i n e  b l u e  t o  r e v e r s i b l y  i n h i b i t  c a l c i f i c a t i o n ,  i n d i c a t i n g  t h a t  Ca and  
t o l u i d i n e  b l u e  co m p e te  f o r  t h e  same b i n d i n g  s i t e s  i n  t h e  c h o n d r o i t i n  
s u l f a t e  m o l e c u l e  o f  t h e  m a t r i x .
The AMPS h y a l u r o n i c  a c i d  i s  one  o f  t h e  c o n s t i t u e n t s  o f  g ro u n d  
s u b s t a n c e ,  and  M eyer (1 9 6 5 a )  h a s  s u g g e s t e d  t h a t  i n  t h i s  c a p a c i t y  i t s  
f u n c t i o n  i s  t o  b i n d  w a t e r  i n  i n t e r s t i t i a l  s p a c e s  and  to  h o l d  c e l l s  t o ­
g e t h e r  i n  a  j e l l y - l i k e  m a t r i x .  H y a l u r o n i c  a c i d  i s  a  v e r y  d i f f u s e  m o le ­
c u l e ,  vrtiich h a s  b e e n  e s t i m a t e d  to  o c c u p y  a  s p a c e  2 5 ,0 0 0  t im e s  a s  l a r g e  
a s  an  e q u a l  w e ig h t  o f  c o l l a g e n  ( S c h u b e r t ,  1 9 6 4 ) .  C o n f i g u r a t i o n  o f  
h y a l u r o n i c  a c i d  h a s  b e e n  r e p r e s e n t e d  b y  m o s t  w o r k e r s  a s  a  random  c o i l e d  
s t r u c t u r e  w i th  some s t i f f n e s s  ( F e s s l e r  je t  a l . , 1 9 5 4 ; . L a u r e n t ,  1955;
O g s to n ,  1955 ; B lum berg  and  O g s to n ,  1 9 5 7 ) .  M u tu a l  r e p u l s i o n  b e tw e e n
i o n i z e d  c a r b o x y l i c  a c i d  g r o u p s  a p p e a r s  t o  c a u s e  an  e x p a n s io n  and  s t i f f e n ­
i n g  o f  th e  c o i l  (Brimacombe and W ebber, 19 6 4 ) .
H y a lu r o n ic  a c i d  o f  h i g h  m o l e c u la r  w e ig h t  i s  known to  form  a  m esh- 
work from  w h ich  l a r g e  m o le c u le s  a r e  e x c lu d e d  (O g s to n  and  P h e l p s ,  1961; 
L a u r e n t  et a l . ,  1 9 6 3 ) .  When h y a l u r o n i c  a c i d  i n  s k i n  i s  d e g ra d e d  w i th  
t h e  enzyme h y a l u r o n i d a s e ,  l a r g e  m o l e c u l e s ,  to  w h ich  s k i n  i s  n o rm a l ly  
im p erm eab le  a r e  a b l e  to  p e n e t r a t e  t h e  g e l  m a t r i x  (D u ra n -R e y n a ls  and 
A shboe-H ansen ,  1 9 5 4 ) .  F e s s l e r  (1960) showed t h a t  h y a l u r o n i c  a c i d  can be  
i n c o r p o r a t e d  i n t o  t h e  g e l ‘s t r u c t u r e  fo rm ed  on w arm ing s o l u t i o n s  o f  t r o p o -  
c o l l a g e n  and t h a t  t h i s  r e s u l t s  i n  a  g e l  w hich  b i n d s  c o n s i d e r a b l y  more 
w a t e r  th a n  a  c o l l a g e n  g e l  a l o n e .  O g sto n  and S t a n i e r  (1951) d e m o n s t r a te d  
t h a t  h y a l u r o n i c  a c i d  n o t  o n ly  a c t s  t o  c o n t r o l  d i f f u s i o n  a c r o s s  m em branes, 
b u t  a l s o  s lo w s  th e  r a t e  o f  d i f f u s i o n  i n  t h e  a b s e n c e  o f  c o n n e c t iv e  t i s s u e  
f i b e r s .  T hus , s i n c e  h y a l u r o n i c  a c i d  i s  a  v i s c o u s ,  h i g h l y  h y d r a t e d  p o ly ­
a n io n  i t  m u s t  im pede th e  f lo w  o f  i n t e r s t i t i a l  w a t e r ,  and  t h e r e b y  c o n t r i b ­
u t e  t o  th e  r e s i s t a n c e  to  c o m p re ss io n  o f  c o n n e c t iv e  t i s s u e  ( F e s s l e r ,  1 9 5 7 ) .
C o l l a g e n  and A c id  M u c o p o ly s a c c h a r id e s
The e x a c t  r o l e  o f  t h e  c a r b o h y d r a t e  o f  c o l l a g e n  i s  n o t  d e f i n i t e l y  
known, even  though  changes  i n  p o l y s a c c h a r i d e  c o n t e n t  h a v e  b een  r e p o r t e d  
i n  c o l l a g e n o u s  t i s s u e  u n d e r  p a t h o l o g i c a l  c o n d i t i o n s  (C onsden  et: a l . , 1953; 
J o s e p h  and B o se ,  1960 ) .  I t  i s  n o t  d e f i n i t e l y  known w h e th e r  t h e  p o l y s a c ­
c h a r i d e  i s  i n c o r p o r a t e d  i n  t h e  c o l l a g e n  s t r u c t u r e  o r  w h e th e r  i t  forms 
o n ly  a  c e m e n tin g  s u b s t a n c e  b e tw ee n  t h e  c o l l a g e n  f i b r i l s .  J o h a n s e n  e t  
a l . (1958) o b t a i n e d  a  c a r b o h y d r a t e  from  egg a lb u m in  and showed t h a t  a s ­
p a r t i c  a c i d  i s  d i r e c t l y  l i n k e d  w i th  c a r b o h y d r a t e  i n  t h i s  g l y c o p e p t i d e
t h r o u g h  one  o f  i t s  c a r b o x y l  g r o u p s .  The p r e s e n c e  o f  s u g a r s  b r i d g i n g  
t h e  c a r b o x y l  and  am ino g r o u p s  h a s  a l s o  b e e n  shown b y  J o s e p h  an d  Bose 
( 1 9 6 0 ) .  I s o l a t i o n  o f  a  g l y e o p e p t i d e  from  c o l l a g e n  showed t h a t  c a r b o ­
h y d r a t e  i s  f i r m l y  l i n k e d  t o  c o l l a g e n  i n  a  c o v a l e n t  l i n k a g e .  I t  i s ,  
h o w e v e r ,  n o t  d e f i n i t e l y  known w h e th e r  t h e  g l y e o p e p t i d e  i s o l a t e d  i s  
t h e  r e s i d u e  o f  s u c h  a  l i n k a g e  i n  m a tu r e  c o l l a g e n  o r  w h e th e r  t h e  p o l y ­
s a c c h a r i d e  becom es b o n d ed  t o  t h e  f i b r i l  a s  an  i n n o c e n t  b y s t a n d e r  d u r i n g  
f i b r o g e n e s i s  ( J o s e p h  a n d  B o s e ,  i 9 6 0 ) .  H i g h b e r g e r  e t  a l .  (19 5 1 )  s t u d i e d  
t h e  p r e c i p i t a t i o n  o f  f i b r i l s  from  s o l u t i o n s  o f  r a t  t a i l  te n d o n  i n  d i l u t e  
a c e t i c  a c i d  and  fo u n d  t h a t  i f  a  p u r i f i e d  m u c o p r o t e in  i s  a d d ed  t o  t h e s e  
s o l u t i o n s  i n  t h e  r a t i o  o f  1 :1 0 0 0 -  t y p i c a l  c o l l a g e n  f i h r i l s  a r e  p r e c i p i ­
t a t e d .  T hey ,  t h e r e f o r e ,  s u g g e s t e d  t h a t  m u c o p r o t e in  may b e  i n v o l v e d  i n  
t h e  f o r m a t io n  o f  c o l l a g e n  f i b r i l s  i n  v i v o .
I f  a  c a r b o h y d r a t e  e x i s t s  i n  c o l l a g e n ,  l i n k i n g  d i f f e r e n t  p o ly p e p ­
t i d e  c h a i n s ,  i t  may a l s o  i n f l u e n c e  t h e  s h r i n k a g e  t e m p e r a t u r e .  J a c k s o n  
(1 9 5 4 )  h a s  shown t h a t  r e m o v a l  o f  c h o n d r o i t i n  s u l f a t e  from  te n d o n ,  u s i n g  
h y a l u r o n i d a s e ,  lo w e r s  t h e  s h r i n k a g e  t e m p e r a t u r e  by  12 d e g r e e s  C. Re­
m ova l o f  c h o n d r o i t i n  s u l f a t e  f a c i l i t a t e s  t h e  s o l u b i l i z a t i o n  o f  t e n d o n  
i n  d i l u t e  a c e t i c  a c i d ,  and th e  r e p r e c i p i t a t i o n  o f  c o l l a g e n  by  means o f  
c h o n d r o i t i n  s u l f a t e  l e a d s  t o  an  i n c r e a s e  o f  s h r i n k a g e  t e m p e r a t u r e  ( J o s e p h  
and  B ose ,  I 9 6 0 ) .  Numerous w o rk e r s  h a v e  a d v o c a t e d  t h e  v ie w  t h a t  AMPS such  
a s  c h o n d r o i t i n  s u l f a t e  a r e  i n t i m a t e l y  a s s o c i a t e d  w i t h  c o l l a g e n  i n  su c h  a  
way a s  t o  s t a b i l i z e  t h e  s t r u c t u r e  ( P a r t r i d g e ,  1948 ; M athew s, 1965; M ey er ,  
1 9 6 5 a b ) . Mathews (1 9 6 5 )  h a s  p r o p o s e d  a  m ode l sh o w in g  t h e  a s s o c i a t i o n  o f  
c h o n d r o i t i n  s u l f a t e s  A an d  C w i t h  c o l l a g e n  and  t h e i r  i n f l u e n c e  upon
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s t a b i l i t y  and g row th  o f  th e  c o l l a g e n  f i b r i l .  Meyer (1965a) and Hoffman 
e t  a l . (1957) h a v e  shown a  d i r e c t  r e l a t i o n s h i p  b e tw ee n  d e rm a ta n  s u l f a t e  
and  h i g h l y  c r o s s - l i n k e d  c o l l a g e n .
Hormones and  A c id  M u c o p o ly s a c c h a r id e s
A c id  m u c o p o ly s a c c h a r id e  s y n t h e s i s  o c c u r s  c h i e f l y  i n  t h e  f i b r o ­
b l a s t s ,  and i t  was w e l l  docum ented  i n  a  r e c e n t  r e v ie w  by S c h i l l e r  (1966) 
t h a t  a  n o rm a l  c o n c e n t r a t i o n  o f  AMPS i s  somewhat d e p e n d e n t  upon  a d e q u a te  
s u p p l i e s  o f  horm ones t o  t h e  c o n n e c t i v e  t i s s u e .  A c c o rd in g  to  Dorfman and 
S c h i l l e r  (1 9 5 8 ) ,  hypophysec tom y  r e d u c e s  th e  t u r n o v e r  r a t e s  o f  b o th  h y a l u ­
r o n i c  a c i d  and  c h o n d r o i t i n  s u l f a t e  i n  t h e  r a t ,  b u t  th e  a d m i n i s t r a t i o n  o f  
g ro w th  hormone o n ly  r e s t o r e s  t h e  t u r n o v e r  t im e  o f  c h o n d r o i t i n  s u l f a t e .  
S c h i l l e r  (1963) r e v e a l e d  t h a t  s k i n  from  young h y p o p h y s e c to m iz e d  o r  h y p o ­
t h y r o i d  r a t s  was c h a r a c t e r i z e d  by  i n c r e a s e d  c o n c e n t r a t i o n s  o f  h y a l u r o n i c  
a c i d  and d e c r e a s e d  q u a n t i t i e s  o f  c h o n d r o i t i n  s u l f a t e .  T h y ro x in e  c o r r e c t e d  
th e  m u c o p o ly s a c c h a r id e  m e ta b o l i s m  o b s e rv e d  i n  t h e  h y p o th y r o i d  a n im a ls  and  
r e v e r s e d  o n ly  t h e  e l e v a t e d  l e v e l  o f  h y a l u r o n i c  a c i d  found  i n  r a t s  w i th  
removed p i t u i t a r y  g l a n d s .  From t h e s e  s t u d i e s ,  i t  would  a p p e a r  t h a t  s u l ­
f a t e d  AMPS m e ta b o l i s m  i s  i n f l u e n c e d  t o  a  g r e a t e r  e x t e n t  by  s o m a t o t r o p h in ,  
w h e re a s  t h y r o i d  horm ones p l a y  a  g r e a t e r  r o l e  i n  t h e  m e ta b o l i s m  o f  h y a l u ­
r o n i c  a c i d .
U nder p h y s i o l o g i c a l  c o n d i t i o n s ,  g l u c o c o r t i c o i d s  a r e  im p o r t a n t  f a c ­
t o r s  i n  t h e  f u n c t i o n  o f  c o n n e c t i v e  t i s s u e .  P re s u m a b ly ,  th e y  a c t  upon t h e  
c e l l s  and  g ro u n d  s u b s t a n c e  a s  w e l l  a s  c o l l a g e n  (A shboe-H ansen ,  1952).
Upon a d m i n i s t r a t i o n  o f  h i g h  d o s e s  o f  g l u c o c o r t i c o i d  to  e x p e r i m e n t a l
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a n i m a l s ,  t h e  AMPS c o n t e n t  o f  c o n n e c t i v e  t i s s u e  h a s  b e e n  fo u n d  t o  be  r e ­
d u c e d ,  p r e s u m a b ly  b e c a u s e  o f  t h e i r  i n h i b i t e d  s y n t h e s i s  and  i n c r e a s e d  
b reakdow n  (D orfm an and S c h i l l e r ,  1958; L o re n z e n  and  Z a c h a r i a e ,  1 9 6 6 ) .  
W r ig h t  _et _al. ( I9 6 0 )  r e p o r t e d  a  d e c r e a s e  i n  t h e  h e x o s a m i n e jh y d r o x y p r o -  
l i n e  r a t i o  i n  s k i n  b i o p s i e s  f rom  human s u b j e c t s  a f t e r  2 w eeks s y s t e m i c  
t r e a t m e n t  w i t h  t h e  g l u c o c o r t i c o i d  p r e d n i s o l o n e .  T h e s e  f i n d i n g s  w ere  
l a t e r  c o n f i r m e d  by L o re n z e n  and  Z a c h a r i a e  ( 1 9 6 6 ) .  The l a t t e r  s tu d y  
show ed , m o r e o v e r ,  t h a t  t h e  a l t e r a t i o n  i n  t h e  r a t i o  i s  due  to  a  r e d u c ­
t i o n  i n  m u c o p o ly s a c c h a r i d e  c o n t e n t .
W h i te h o u s e  and L ash  (1961) h a v e  d e s c r i b e d  i n h i b i t i o n  o f  p o l y s a c ­
c h a r i d e  s y n t h e s i s  b y  c h i c k  s o m i t e s  when c o r t i s o l  was a d d e d  t o  t h e  i n c u ­
b a t i o n  m i x t u r e .  Nakamura and  Mosuda (1 9 6 6 )  d e m o n s t r a t e d  t h a t  d a i l y  
i n j e c t i o n s  o f  s y n t h e t i c  e s t r o g e n  r e d u c e d  AMPS l e v e l s  i n  c a r t i l a g e  an d  
a o r t a  o f  r a t s .  S t u d i e s  b y  D a v id so n  and  S m a l l  (1963) i n d i c a t e  t h a t  t e s ­
t o s t e r o n e  c a u s e s  a  m arked  i n c r e a s e  i n  h y a l u r o n i c  a c i d  c o n t e n t  o f  s k i n .  
D orfm an (1 9 5 8 )  showed t h a t  i n s u l i n  a d m i n i s t r a t i o n  r e s t o r e d  AMPS s y n t h e ­
s i s  t o  n o rm a l  i n  a l l o x a n - d i a b e t i c  r a t s ,  t h e r e b y  p r o v i d i n g  e v id e n c e  t h a t  
i n s u l i n  i s  i m p o r t a n t  i n  r e g u l a t i n g  t h e  r a t e  o f  AMPS s y n t h e s i s .
P o r c i n e  M u sc le  P h y s i o - c h e m i c a l  P r o p e r t i e s
C o n s i d e r a b l e  r e s e a r c h  h a s  b e e n  r e p o r t e d  c o n c e r n in g  th e  p h y s i c a l  
and  c h e m ic a l  f a c t o r s  t h a t  i n f l u e n c e  p o r c i n e  m u s c le  q u a l i t y  c h a r a c t e r i s ­
t i c s .  E v id e n c e  h a s  c l e a r l y  i n d i c a t e d  s i g n i f i c a n t  r e l a t i o n s  b e tw e e n  r a t e  
o f  g l y c o l y s i s  and  s u b s e q u e n t  m u s c le  c h a r a c t e r i s t i c s  (W is m e r -P e d e r s e n  and  
R iem an, 1960; B r i s k e y ,  1 9 6 3 ) .  The r a t e  a t  w h ich  g ly c o g e n  i s  b r o k e n  down
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p o s t-m o r te m  h a s  been  fo u n d  t o  have  a  m o re  p ro n o u n ced  i n f l u e n c e  on th e  p r o p ­
e r t i e s  o f  m u s c le s  th a n  t h e  t o t a l  am ount o f  g ly c o g e n  p r e s e n t  a t  t h e  t im e  o f  
d e a t h  (W ism er-P e d e rse n  a n d  B r i s k e y ,  1 9 6 1 a ) .  P o s t -m o r te m  g l y c o l y s i s  p ro c e e d s  
a t  e x t r e m e ly  v a r i a b l e  r a t e s  i n  p o r c i n e  t i s s u e  (L a w r ie ,  I960 ; B r i s k e y ,  1963 ) .  
B r i s k e y  (1963 )  showed t h a t  PSE m u sc le  i s  c h a r a c t e r i z e d  by  v e r y  r a p i d  p o s t ­
mortem g l y c o l y s i s  so  t h a t  pH c f  m u sc le  r e a c h e s  v a l u e s  l e s s  th a n  5 . 4  w i t h i n  
t h r e e - f o u r t h s  h o u r  a f t e r  s l a u g h t e r .  T h u s ,  th e  m u s c le  i s  a t  a  low  pH and a  
h i g h  t e m p e r a t u r e  d u r in g  t h e  f i r s t  1 t o  2 h o u rs  p o s t -m o r te m .
L aw rie  ( I9 6 0 )  d e s c r i b e d  a s i m i l a r  c o n d i t i o n  i n  E n g l i s h  L a n d ra c e  
p ig s  a s  " w h i te  m u sc le  d i s e a s e . "  T h i s  w as a l s o  c h a r a c t e r i z e d  by  r a p i d  p o s t ­
m ortem g l y c o l y s i s ,  b u t  was f u r t h e r  a c c e n t u a t e d  by  e x c e s s i v e l y  low u l t i m a t e  
pH v a l u e s  o f  l e s s  th a n  5 . 2 0 .
L aw rie  (1960) and  Trautraan (1966 )  found t h a t  w a t e r  b i n d i n g  c a p a c i t y  
o f  p o r c i n e  m u sc le  was m ore c l o s e l y  a s s o c i a t e d  w i th  pH a t  45 m i n u te s  to  1 
h o u r  p o s t -m o r te m  th a n  i t  was to  u l t i m a t e  pH. W ism e r-P e d e rse n  (1959 )  and 
W ism er-P e d e rsen  and B r i s k e y  (1961a) a l s o  h av e  shown t h a t  w a te ry  m u s c le  
d i f f e r s  i n  many o t h e r  ways from  t h a t  o f  no rm al m u s c l e ,  p a r t i c u l a r l y  i n  
t h e  r e d u c e d  e x t r a c t a b i l i t y  o f  th e  m y o f i b r i l l a r  p r o t e i n s .  B e n d a l l  and 
W ism e r-P e d e rse n  (1962) h a v e  shown t h a t  t h e  w a te ry  c o n d i t i o n  o f  p o r c i n e  
m u sc le  i s  n o t  due to  a g g r e g a t i o n  o r  d e n a t u r a t i o n  o f  f i b r i l l a r  p r o t e i n s ,  
b u t  r a t h e r  to  a b s o r p t i o n  o f  d e n a tu r e d  s a r c o p la s m ic  p r o t e i n s  o n to  t h e  s u r ­
f a c e  o f  t h e  m y o f i b r i l l a r  p r o t e i n s ,  t h u s  r e d u c in g  t h e  number o f  c h a rg e d  
g ro u p s  a v a i l a b l e  f o r  p r o t o n  b i n d i n g .  They  a l s o  c o n c lu d e d  t h a t  t h e  i n ­
s o l u b l e  l a y e r  o f  s a r c o p l a s m i c  p r o t e i n  was g r e a t l y  a l t e r e d  by p o s t -m o r te m  
pH and t e m p e r a tu r e  ch an g e  w h i l e  th e  m y o f i b r i l l a r  p r o t e i n s  w ere  r e l a t i v e l y  
u n a f f e c t e d .
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Hamm (1966)  p o i n t e d  o u t  t h e r e  i s  a  g r e a t  c h a n g e  i n  t h e  amount o f  
w a t e r  w h ic h  i s  im m o b i l i z e d  w i t h i n  m u sc le  and  t h a t  t h i s  im m o b i l i z a t i o n  
a p p e a r s  t o  b e  h e l d  w i t h i n  th e  p r o t e i n  f i l a m e n t s .  I m m o b i l i z a t i o n  o f  
w a t e r  i s  t h o u g h t  t o  d ep en d  p r i m a r i l y  upon  a  m a c r o m o le c u la r  n e tw o rk  
w h ic h  c o u ld  b e  m u c o p o ly s a c c h a r i d e  a s  w e l l  a s  p r o t e i n  s i n c e  b o t h  m o le ­
c u l e s  a r e  fo u n d  i n  c o n n e c t i v e  t i s s u e  o f  s t r i a t e d  m u s c le  (M o ze rsk y ,  1 9 6 6 ) .
H orm ones and  PSE M u sc le
L u d v ig se n  (1 9 5 4 )  e m p h a s iz e d  th e  r e l a t i o n  b e tw ee n  m u s c le  d e g e n e r a ­
t i o n  and b r e e d ,  and  p o i n t e d  t o  t h e  f a c t  t h a t  p i g s  s e l e c t e d  f o r  a  h ig h  
r a t e  o f  g ro w th  and m u s c l in g  i n  a d d i t i o n  t o  b o d y  l e n g t h  p r o d u c e d  an  e n ­
h a n c e d  am ount o f  g ro w th  s t i m u l a t i n g  hormone a n d  a  r e d u c e d  am oun t o f  
ACTH and  a d r e n a l  c o r t i c a l  h o rm o n e s .  D e f i c i e n c y  o f  t h e  l a t t e r  horm ones  
r e d u c e s  t h e  a d a p t i v e  m echan ism s o f  t h e  b o d y ;  c o n s e q u e n t l y ,  s t r e s s  o f  an y  
k i n d  may c a u s e  d e v e lo p m e n t  o f  PSE m u s c l e .  L u d v ig s e n  (1957 )  c o n c lu d e d  
f ro m  h i s  o b s e r v a t i o n s  t h a t  h y p o - f u n c t i o n  o f  t h e  t h y r o i d  g l a n d  and a d r e n a l  
c o r t e x  a p p e a r e d  to  b e  in v o l v e d  i n  d e v e lo p m e n t  o f  PSE m u s c l e .  H enry  je t  
a l .  (1 9 5 8 )  r e p o r t e d  t h a t  p i g s  w i t h  PSE m u s c u l a t u r e  had  h y p e r p r o d u c t i o n  
o f  a l d o s t e r o n e  and  s o m a to t r o p h  i n  w i t h  a  c o n c o m i t a n t  d e f i c i e n c y  o f  ACTH 
an d  g l u c o c o r t i c o i d s .  P a s s b a c h  _et a l .  (1 9 6 8 ,  1969) r e p o r t e d  t h e  p r o d u c ­
t i o n  o f  PSE m u s c le  i n  P o la n d  C h in a  p i g s  f o l l o w i n g  an i n t r a v e n o u s  i n j e c ­
t i o n  o f  1 .5  mg. o f  a l d o s t e r o n e .  T h ese  w o r k e r s  h a v e  a l s o  fo u n d  t h a t  
500 mg. o f  an  a l d o s t e r o n e  b l o c k i n g  a g e n t ,  a l d a c t a z i d e ,  p r e v e n t e d  PSE 
m u s c le  i n  s t r e s s - s u s c e p t i b l e  p i g s .
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M ost o f  t h e  a t t e n t i o n  i n  PSE horm one r e s e a r c h  h a s  b e e n  fo c u s e d  on 
th e  g l u c o c o r t i c o i d s ,  s i n c e  t h e s e  horm ones i n f l u e n c e  c a r b o h y d r a t e  m e ta b o ­
l i s m .  T opel a t  a l .  (1967) r e p o r t e d  a d r e n a l  a t r o p h y  and s l i g h t l y  lo w er  
l e v e l s  o f  p la sm a  1 7 - O H - c o r t i c o s te r o n e  i n  p i g s  w i t h  s e v e r e  PSE m u s c u la ­
t u r e .  T o p e l and M erk e l  ( 1 9 6 7 ) ,  i n v e s t i g a t i n g  t h e  i n f l u e n c e  o f  g lu c o ­
c o r t i c o i d s ,  f a i l e d  t o  p r o d u c e  PSE m u s c le  u s i n g  p r e d n i s o l o n e  and 
m e t h y l p r e d n i s o l o n e .  More r e c e n t l y ,  M a rp le  a t  a l .  (1968) c o n c lu d e d  t h a t  
a d r e n a l - i n s u f f i c i e n t  p i g s ,  p ro d u c e d  by  p r e d n i s o l o n e  i n j e c t i o n ,  may be  
u n a b l e  to  a d e q u a t e l y  remove h i g h  l e v e l s  o f  l a c t i c  a c i d  from  b lo o d  and 
m u s c le  d u r in g  p e r i o d s  o f  e x t re m e  s t r e s s  and  t h a t  low l e v e l s  o f  p la sm a  
1 7 - O H - c o r t i c o s t e r o n e  p e r  s e  do  n o t  s e r v e  to  i n c r e a s e  t h e  r a t e  o f  p o s t ­
mortem g l y c o l y s i s .  T o p e l  (1968) h a s  s u g g e s t e d  t h a t  d ev e lo p m en t  o f  PSE 
m u sc le  i s  p o s s i b l y  due to  an  i n t e r a c t i o n  b e tw ee n  c a t e c h o la m in e s  and 
g l u c o c o r t i c o i d s  on m i c r o - c i r c u l a t o r y  i n t e g r i t y .
H i s to c h e m ic a l  O b s e r v a t io n s  o f  PSE M usc le
R e c e n t  h i s t o c h e m i c a l  i n v e s t i g a t i o n s  h a v e  b e e n  u s e d  t o  d e t e r m in e  
t h e  r e d  and w h i t e  f i b e r  c o n t e n t  o f  p o r c i n e  m u sc le  and  t h e i r  p o s s i b l e  
r e l a t i o n s h i p  to  r a p i d  p o s t -m o r te m  ch a n g e s  w i t h i n  m u s c le .  O g a ta  ( I9 6 0 )  
r e p o r t e d  t h a t  r e d  m u s c le s  (>40% r e d  f i b e r s )  h ad  h ig h  o x i d a t i v e  enzyme 
a c t i v i t y ,  v h e r e a s  w h i te  m u s c le s  (<40% r e d  f i b e r s )  h a d  h ig h  g l y c o l y t i c  
a c t i v i t y .  I n  r e l a t i o n  t o  t h i s ,  T o p e l  (1968) showed w h i t e  m u sc le  f i b e r s  
t o  c o n t a i n  few c a p i l l a r i e s ,  \ d i i l e  r e d  f i b e r s  h a d  a  l a r g e  number o f  c a p i l ­
l a r i e s .
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F u r t h e r  work a l s o  i n d i c a t e d  t h a t  i n t e r n a l  p o r t i o n s  o f  m u s c l e ,  com­
p a r e d  w i th  s u p e r f i c i a l  l a y e r s  o f  t h e  same m u s c l e ,  c o n t a i n - g r e a t e r  p r o p o r ­
t i o n s  o f  r e d  f i b e r s  and  h i g h e r  o x i d a t i v e  a c t i v i t y  (B e e c h e r  e t  a l . ; 1 9 6 5 ) .  
S in k  e t  a l . (1965) r e p o r t e d  t h a t  t h e  p o s t -m o r te m  g l y c o l y t i c  r a t e  was 
r e l a t e d  to  t h e  e x t e n t  o f  p o s t -m o r te m  c o n t r a c t i o n  o f  m u s c le .  T h ese  w ork­
e r s  n o t e d  a  h i g h l y  s i g n i f i c a n t  r e l a t i o n s h i p  b e tw e e n  p o s t - r i g o r  s a rc o m e re  
l e n g t h  and  d e l a y  p h a s e  o f  r i g o r  m o r t i s  i n  p o r c i n e  _1. d o r s i  m u s c le .  T h ese  
r e s u l t s  were* i n  a g re e m e n t  w i th  B e e c h e r  _et a l .  (1965) and s u g g e s t  t h a t  
s a rc o m e re  l e n g t h  i s  a l t e r e d  b y  t h e  e x t e n t  o f  m u s c le  c o n t r a c t i o n  d u r in g  
r i g o r .  B r i s k e y  _et a l .  (1966) n o te d  r e d  f i b e r s  to  b e  m ore r e s i s t a n t  th p n  
w h i t e  f i b e r s  t o  t h e  d e v e lo p m e n t  o f  PSE m u s c u l a t u r e ,  and  t h a t  l o n g e r  s a r c o ­
m ere  i n  r e d  f i b e r s  may b e  a n  e s s e n t i a l  f e a t u r e  c o n t r i b u t i n g  t o  i t s  g r e a t e r  
r e s i s t a n c e  t o  p o s t -m o r te m  a l t e r a t i o n .  T o p e l . (1968) showed t h a t  s t r e s s -  
s u s c e p t i b l e  p i g s  h a v e  fe w e r  r e d  f i b e r s  t h a n  s t r e s s - r e s i s t a n t  p ig s *  and 
th u s  r e d  f i b e r s  a r e  more r e s i s t a n t  t o  PSE c o n d i t i o n  th a n  w h i t e  f i b e r s ,
1 4 *  c
I t  i s  now th o u g h t  t h a t  w h i t e  f i b e r s ,  w h ich  d e r i v e  t h e i r  e n e rg y  from  
anaerob ic  g l y c o l y s i B ,  a r e  h i g h l y  i n f l u e n c e d  by  th e  a c t i o n s  o f  e p i n e p h r i n e  
and  g l u c o c o r t i c o i d s .  T h e r e f o r e ,  t h e s e  f i b e r s  a r e  m ore o r  l e s s  s e l f  s u f ­
f i c i e n t  d u r i n g  c o n t r a c t i o n  and depend  upon  b lo o d  f lo w  m a in ly  f o r  th e  
r e l e a s e  o f  l a c t i c  a c i d  form ed w i t h i n  ( T o p e l ,  1 9 6 8 ) .  T h i s  i s  i n  c o n t r a s t  
t o  t h e  r e d  f i b e r s ,  w h ich  h a v e  a  h ig h  o x i d a t i v e  m e ta b o l i s m  and  d e r i v e  
t h e i r  e n e rg y  o f  c o n t r a c t i o n  from  th e  a e r o b i c  b reakdow n o f  s u b s t r a t e s .
T hey , t h e r e f o r e ,  c a n n o t  depend upon s t o r e d  s u b s t r a t e  b u t  m u s t  o b t a i n  i t  
f rom  t h e  c i r c u l a t i n g  b lo o d  ( T o p e l ,  1 9 6 8 ) .  The d e p en d e n ce  o f  b o th  r e d  and
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w h i t e  m u s c le  f i b e r s  upon  h o m e o s t a s i s  o f  e x t r a - c e l l u l a r  s p a c e s  i n d i c a t e s  
t h e  p o s s i b l e  in v o lv e m e n t  o f  AMPS.
MATERIALS AND METHODS
E x p e r im e n ta l  A n im als
T w e n ty - fo u r  p i g s  w e ig h in g  a p p r o x im a te ly  95 k g .  l i v e  w e ig h t ,  w ere  
u s e d  i n  s t u d y i n g  th e  r e l a t i o n s h i p  b e tw ee n  m u s c l e s ,  q u a l i t y  s c o r e s  and  
a c i d  m u c o p o ly s a c c h a r id e  c o n t e n t .  T hese  a n im a ls  w ere  s l a u g h t e r e d  a t  
th e  L o u i s i a n a  S t a t e  U n i v e r s i t y  M eats  L a b o r a to r y  by  c o n v e n t i o n a l  m e th o d s .  
C a r c a s s e s  w ere  c h i l l e d  f o r  24 h o u r s  a t  3°C. b e f o r e  c u t t i n g .  S u b j e c t i v e  
q u a l i t y  s c o r e s  w e re  a p p l i e d  a c c o r d in g  t o  W is c o n s in  P o rk  Q u a l i t y  G rade  
S ta n d a rd s  (A n o n .,  1963) by  a  t h r e e  member p a n e l .
The f o l l o w i n g  m u s c le s  w ere  removed from  each  c a r c a s s :  sem i-
membranosouB (SM), l o n g i s s im u s  d o r s i  (LD ), b i c e p s  f e m o r i s  (B F ) , p i r i ­
fo rm is  and  g l u t e u s  m ed ius  (PGM) . I n d i v i d u a l  m u s c le s  w ere  tr im m ed o f  
a l l  s u r r o u n d in g  f a t  and  c o n n e c t i v e  t i s s u e  (ep im ysium ) and  g round  tw ic e  
th ro u g h  a  l a b o r a t o r y  s i z e  fo o d  g r i n d e r  f i t t e d  w i t h  a  0 .5  cm. p l a t e .
Ground m u s c le s  w ere  p u t  i n t o  e v a c u a te d  C ryovac  b a g s ,  o v e rw rap p ed  w i th  
h eav y  d u ty  aluminum f o i l ,  and s t o r e d  a t  -3 0 °C .  u n t i l  AMPS a n a l y s e s  c o u ld  
b e  made.
T e n d e rn e s s  E v a l u a t i o n
A r i b  chop 3 .2  cm. t h i c k  was removed from  t h e  l o n g i s s im u s  d o r s i  
m u sc le  a t  t h e  10 th  r i b  o f  13 c a r c a s s e s  f o r  t e n d e r n e s s  ( s h e a r  s c o r e )  e v a l ­
u a t i o n .  Rib chops  w ere  p l a c e d  i n  deep  f a t  a t  135°C. and  cooked to  an 
i n t e r n a l  t e m p e r a t u r e  o f  70°C. Chops w ere  a l lo w e d  t o  c o o l  a t  25°C. f o r  
5 m in u te s .  Two c o r e s  2 .5 4  cm. i n  d ia m e te r  w e re  removed from  eac h  ch o p .
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E ach  c o r e  was s h e a r e d  tw ic e  o n  a  W a r n e r - B r a t z l e r  s h e a r  m a c h in e  and th e  
a v e r a g e  o f  t h e  f o u r  s h e a r  r e a d i n g s  r e c o r d e d  a s  t h e  s h e a r  v a l u e  f o r  t h a t  
m u s c l e .
E x t r a c t i o n  o f  A c id  M u c o p o ly s a c c h a r id e s
F ro z e n  m ea t s a m p le s  w e re  thaw ed  f o r  24 h o u r s  a t  3°C . and  p l a c e d  
i n t o  3000 m l .  o f  a c e t o n e  8 h r s  f o r  d e f a t t i n g  (F ox  e t  a l . , 1969 ; W ipf 
e t  a l . ,  1 9 6 9 ) .  S in c e  d e f a t t i n g  o f  t i s s u e  h a s  b e e n  shown t o  i n c r e a s e  
AMPS e x t r a c t i o n  (S n e l lm a n ,  1 9 5 7 ) ,  t h i s  p r o c e d u r e  was r e p e a t e d  s e v e r a l  
t i m e s  w i t h  a d d i t i o n a l  c h a n g e s  o f  a c e t o n e .  F o l lo w in g  f i n a l  f i l t r a t i o n ,  
t i s s u e  s a m p le s  w ere  p l a c e d  i n  s h a l l o w  t r a y s  and  d r i e d  u n d e r  vacuum 
(254  mm, H g .)  a t  40°C . u n t i l  f r e e  o f  a c e t o n e .  A f t e r  d r y i n g ,  s a m p le s  
w e re  g ro u n d  th r o u g h  20 and  40 mesh s c r e e n s  on  a n  i n t e r m e d i a t e  m odel 
W iley  m i l l .
D u p l i c a t e  10 gm. s a m p le s  w ere  p u t  i n t o  400  m l .  r e a g e n t  j a r s  and  
s o l u b i l i z e d  i n  300 m l .  c f  0 .5  N NaOH a t  3°C . f o r  24 h r s .  U nused s a m p le s  
w e re  p u t  i n t o  g l a s s  j a r s ,  p a c k e d  u n d e r  d r y  n i t r o g e n ,  and  s t o r e d  a t  25°G .
A f t e r  s o l u b i l i z i n g  w i t h  0 .5  N NaOH, s a m p le s  w ere  n e u t r a l i z e d  to  
pH 7 .8  w i th  42.5%  p h o s p h o r i c  a c i d .  O n e - t e n t h  gram  P r o n a s e  enzyme ( C a l -  
b iochem ) was added  t o  e a c h  sa m p le  a l o n g  w i t h  0 . 2  m l .  o f  17% b e n z a lk o n iu m  
c h l o r i d e  (F o x ,  1 9 6 8 ) .  S am p les  w ere  p l a c e d  i n t o  c e l l o p h a n e  d i a l y s i s  
t u b i n g  and  d i g e s t e d  f o r  24 h r s . a t  40°C . a g a i n s t  24 1. o f  0 . 1  M sod ium  
p h o s p h a t e  b u f f e r ,  pH 7 . 8 .
F o l lo w in g  d i g e s t i o n ,  s a m p le s  w ere  q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  
p o l y e t h y l e n e  b e a k e r s  and  th e  d e rm a ta n  s u l f a t e - p r o t e i n  co m p lex  p r e c i p i ­
t a t e d  w i t h  12% t r i c h l o r o a c e t i c  a c i d  (TCA). A p p ro x im a te ly  10 gm. o f
C e l i t e  w e re  a d d e d ,  and  t h e  m i x t u r e  was a l lo w e d  t o  s t i r  f o r  3 m i n u t e s .  The 
m i x t u r e  was th e n  f i l t e r e d  w i t h  s u c t i o n  u s i n g  Whatman # 50  f i l t e r  p a p e r .
The d e n n a t a n  s u l f a t e - p r o t e i n  com plex  w as w ashed  t w i c e  w i t h  50  m l .  p o r t i o n s  
o f  12% TCA and  r e t a i n e d  f o r  h e x o sa m in e  d e t e r m i n a t i o n .
The f i l t r a t e  c o l l e c t e d  was p l a c e d  i n t o  c e l l o p h a n e  d i a l y s i s  t u b i n g  
and d i a l y z e d  f o r  48  h r s .  a t  3°C . A f t e r  d i a l y s i s ,  t h e  f i l t r a t e  was t r a n s ­
f e r r e d  i n t o  2000 m l .  ro u n d  b o t to m  e v a p o r a t i o n  f l a s k s  and  e v a p o r a t e d  u n d e r  
vacuum (380  mm. H g .)  a t  60°C . t o  a  vo lum e  o f  a p p r o x i m a t e l y  400  m l .  S am ples  
w ere  th e n  t r a n s f e r r e d  i n t o  a  m o d e l 400  D i a f l o  U l t r a f i l t r a t i o n  c e l l  f i t t e d  
w i t h  a n  u l t r a f i l t r a t i o n  membrane h a v i n g  a  m o l e c u l a r  w e ig h t  c u t - o f f  o f  
1 0 ,0 0 0  (F o x ,  1 9 6 8 ) .  S am ples  w ere  c o n c e n t r a t e d  t o  50  m l . ,  t r a n s f e r r e d  
t o  100 m l .  v o l u m e t r i c  f l a s k s  and made t o  vo lum e . S am ples  w e re  t h e n  t r a n s ­
f e r r e d  t o  236 m l .  p l a s t i c  c o n t a i n e r s ,  l a b e l e d  " R e s i d u a l  AMPS M i x t u r e , "  
f r o z e n  and s t o r e d  a t  -1 8 ° C .  u n t i l  f r a c t i o n a t e d  a n d  a n a l y z e d  f o r  h e x o s a m in e .
F r a c t i o n a t i o n  o f  R e s i d u a l  AMPS M ix tu r e
F r a c t i o n a t i o n  o f  AMPS was c a r r i e d  o u t  on DEAE S ephadex  A -25 a n i o n  
e x c h a n g e  r e s i n .  The S ep h ad ex  was p r e p a r e d  f o r  f r a c t i o n a t i o n  a s  o u t l i n e d  
by  S ch m id t ( 1 9 6 2 ) .
G la s s  c o lu m n s ,  20 mm. i n  d i a m e t e r  and  400 mm. lo n g ,  w e re  u s e d  f o r  
f r a c t i o n a t i o n .  A p a d  o f  g l a s s  w oo l was p l a c e d  o v e r  t h e  f r i t t e d  g l a s s  
d i s k  t o  p r e v e n t  c l o g g i n g  by th e  r e s i n .  Columns w e re  p i p e t t e d  w i t h  S epha­
dex  t o  a  h e i g h t  o f  250 mm., and 2000 m l .  o f  0 .0 5  M NaCl w ere  a l l o w e d  to  
f lo w  th r o u g h  t h e  colum n t o  s t a b i l i z e  t h e  r e s i n  b e d  ( S c h m id t ,  1962; Fox
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F o r t y  m i l l i l i t e r s  o f  eac h  r e s i d u a l  AMPS m ix tu r e  w e re  p i p e t t e d  
s lo w ly  o n to  th e  r e s i n .  F i f t y  m i l l i l i t e r s  o f  0 .0 5  M NaCl w ere  added 
and a l lo w e d  to  f l e w  th ro u g h  t h e  r e s i n  b e d .  When a l l  b u t  a b o u t  20 ml. 
had  f lo w e d  th roug ji  th e  r e s i n  b e d ,  t h e  to p  20 mm. o f  t h e  b e d  was c a r e ­
f u l l y  s t i r r e d  and a l lo w e d  to  s e t t l e  to  p r e v e n t  c h a n n e l in g  (F ox , 1968 ) .
An a d d i t i o n a l  200 m l.  o f  0 .0 5  M NaCl w ere  ad d ed  to  t h e  colum n and c o l ­
l e c t e d  w i t h  t h e  f i r s t  50 m l. The 0 .0 5  M f r a c t i o n  c o l l e c t e d  was g ly c o ­
p r o t e i n  (F ox ,  1968; W ipf e t  a l . , 1969).  The re m a in in g  AMPS w ere  
d i f f e r e n t i a l l y  f r a c t i o n a t e d  by  e l u t i n g  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n s  
o f  250 m l .  o f  NaCl. The seco n d  s e p a r a t i o n  w i th  0 .5 0  M NaCl c o n ta in e d  
h y a l u r o n i c  a c i d ;  t h e  t h i r d  s e p a r a t i o n  w i th  1 .2 5  M NaCl c o n t a i n e d  chon- 
d r o i t i n ;  t h e  f o u r t h  s e p a r a t i o n  w i th  1 .50  M NaCl c o n t a in e d  a  m ix tu r e  o f  
c h o n d r o i t i n  s u l f a t e s  A and C; w h i l e  th e  f i f t h  s e p a r a t i o n  w i t h  2 .0 0  M 
NaCl c o n t a i n e d  h e p a r i n  (S c h m id t ,  1962; F ox , 1968; W ipf e t  a l , ,  1968).
I n d i v i d u a l  f r a c t i o n s  c o l l e c t e d  w ere  t r a n s f e r r e d  t o  c e l lo p h a n e  
d i a l y s i s  t u b i n g  and d i a l y z e d  a g a i n s t  d i s t i l l e d  w a te r  u n t i l  f r e e  o f  
c h l o r i d e  i o n s .  Sam ples w ere  c o n c e n t r a t e d  on a  s team  t a b l e  t o  a p p r o x i ­
m a te ly  10 m l.  and t r a n s f e r r e d  t o  25 m l. v o l u m e t r i c  f l a s k s  and  made to  
vo lum e. I n d i v i d u a l  sam p les  w e re  t h e n  p l a c e d  i n t o  29. 5 m l .  p l a s t i c  
c o n t a i n e r s  and  f r o z e n  a t  -1 8 °C .  u n t i l  h e x o sa m in e  would b e  d e te rm in e d .
A f lo w  d ia g ra m  f o r  t h e  e x t r a c t i o n  p r o c e d u r e  c a n  be s e e n  i n  F ig u r e  1.
Q u a n t i t a t i o n  o f  H exosam ine
A n a l y t i c a l  p r o c e d u r e s  used f o r  d e t e r m i n a t i o n  o f  h ex o sam in e  c o n t e n t  
a r e  b a s e d  on th e  m ethod o f  E l s o n  and  Morgan (1948) a s  m o d i f i e d  by
FIGURE 1: Flow d iag ram  f o r  e x t r a c t i o n  o f  p o r c in e  m uscle  AMPS
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A n a s t a s s i a d i s  and  Common ( 1 9 5 3 ) .  H exosam ine a n a l y s e s  w ere  p e r fo rm e d  i n  
d u p l i c a t e  on eac h  sam p le  c o l l e c t e d .  H exosam ine was l i b e r a t e d  by  a c i d  
h y d r o l y s i s  w i t h  1 .25  N HC1 i n  an  a u t o c l a v e  a t  121°C. f o r  3 h o u r s .  A f t e r  
h y d r o l y s i s ,  e a c h  sam ple  was q u a n t i t a t i v e l y  t r a n s f e r r e d  to  an  e v a p o r a t i o n  
d i s h  and r e d u c e d  t o  d r y n e s s  on a  s te a m  t a b l e .  Sam ples w ere  a l lo w e d  t o  
c o o l ,  and e i t h e r  5 o r  10 m l .  o f  d i s t i l l e d  w a t e r  p i p e t t e d  i n t o  each  d i s h .  
Sam ples  w ere  n e u t r a l i z e d  t o  p h e n o l p h t h a l e i n  e n d - p o i n t  w i t h  one to  f o u r  
d r o p s  o f  5 . 0  N NaOH (F ox ,  1 9 6 8 ) .  Sam ples w ere  t r a n s f e r r e d  t o  2 9 .5  m l.  
p l a s t i c  c o n t a i n e r s  f o r  s t o r a g e  u n t i l  h ex o sam in e  d e t e r m i n a t i o n .
O n e - m i l l i l i t e r  o f  sam p le  was p i p e t t e d  i n t o  each  o f  t h r e e  g r a d u a t e d  
c u l t u r e  tu b e s  h a v in g  a  T e f l o n - l i n e d  sc rew  c a p .  One m i l l i l i t e r  o f  2% 
a c e t y l a c e t o n e  ( 2 , 4 - p e n t a n e d i o n e )  i n  0 .5  M ^ 2^3  was ad d ed  to  two t u b e s ,  
w h i l e  one m l .  o f  0 .5  M ^ 2^ ^  was p i p e t t e d  t o  t h e  o t h e r  t u b e .  Each 
sam p le  tu b e  was s e a l e d  and  p l a c e d  i n  a  t h e r m o s t a t i c a l l y  c o n t r o l l e d  w a te r  
b a t h  (8 9 -9 2 ° C .)  f o r  45  m i n u t e s .  One m i l l i l i t e r  o f  E h r l i c h ' s  r e a g e n t  
( 2 .6 7  gm. o f  c r y s t a l l i z e d  p -d im e th y la m in o b e n z a ld e h y d e  i n  100 m l. o f  a  
1 :1  m i x tu r e  o f  e t h y l  a l c o h o l  and  c o n c e n t r a t e d  HCl) was added  t o  each  
tu b e  and th e  sam p le  made to  10 m l .  w i th  e t h y l  a l c o h o l .  Each tu b e  was 
i n v e r t e d  to  i n s u r e  c o m p le te  m ix in g ,  and th e  c o l o r  a l lo w e d  to . d e v e l b p  
f o r  1 h o u r ,  t h e n  r e a d  a t  530 tnp on a  Beckman DB S p e c t ro p h o to m e te r .
S t a t i s t i c a l  A n a ly s e s
Main e f f e c t s  c o n s i d e r e d  p r e s e n t  on 10 gm. m ea t s am p le s  w ere  
q u a l i t y  s c o r e  and  m u s c le .  S t a t i s t i c a l  a n a l y s e s  w ere  a c c o m p l i s h e d  by 
l e a s t - s q u a r e s  a n a l y s i s  (H a rv e y ,  1960) due t o  d i s p r o p o r t i o n a t e  s u b c l a s s
numbers p e r  q u a l i t y  s c o r e .  O r th o g o n a l  c o m p a r iso n s  w ere  u s e d  t o  d e te rm in e  
s i g n i f i c a n c e  o f  mean d i f f e r e n c e s .  S im p le  l i n e a r  c o r r e l a t i o n s ,  a s  o u t l i n e d  
by S t e e l  and  T o r r i e  ( 1 9 6 0 ) ,  w e re  u s e d  to  d e t e r m in e  t h e  r e l a t i o n s h i p  be tw een  
s h e a r  v a l u e  and  s p e c i f i c  AMPS.
RESULTS AND DISCUSSION.'
* i  *
R e l a t t o n a h i p  o f  Derma t a n  S u l f a t e ,  E£ f l u e n t  an d  R e s id u a l .
AMPS M ix tu r e  to  P o r c i n e  M tisc les
H exosam ine c o n t e n t  i n  t h e  t e n a t A t i v e  i d e n t i f i c a t i o n  o f  t h i s - f r a c ­
t i o n .  f o r  I n d i v i d u a l  m u s c l e s  can  b e  s e e n  i n  T a b le  1 .  T e n t a t i v e ,  i d e n t i f i ­
c a t i o n  o f  t h i s  f r a c t i o n  a s  d e rm a ta n  s u l f a t e  ( f o r m e r l y  c a l l e d  c h o n d r o i t i n  
s u l f a t e  B) I s  b a s e d  upon  p r e l i m i n a r y  I n v e s t i g a t i o n s  i n  t h i s  l a b o r a t o r y '  
u s i n g  v a r i o u s  enzymes (F o x ,  1968; W ip f_ e t  a l . , 1 9 6 9 b ) .  I t  was c o n s i s ­
t e n t l y  n o t e d  t h a t  an  i n s o l u b l e  p o r t i o n  r e m a in e d  f o l l o w i n g  a l k a l i  s o l u b i ­
l i z a t i o n  and  e n z y m a t ic  d i g e s t i o n .  T o o le  an d  L ow the r  (1966) h a v e  a l s o  
r e p o r t e d  a  s i m i l a r  f r a c t i o n  to  b e  p r e s e n t  i n  s o l u b i l i z e d  s k i n .  D i g e s t i o n  
o f  t h i s  f r a c t i o n  w i th  t r y p s i n ,  p e p s i n  o r  p a p a i n  p ro d u c e d  o n ly  s m a l l  ch an g e s  
i n  h ex o sa m in e  c o n t e n t .  T h is  p a r t i c u l a r  f r a c t i o n  was a l s o  fo u n d  t o  be  r e ­
s i s t a n t  t o  t e s t i c u l a r  h y a l u r o n i d a s e ,  a  d i s t i n g u i s h i n g  c h a r a c t e r i s t i c  o f  
d e rm a ta n  s u l f a t e  when com pared  w i t h  o t h e r  AMPS (M eyer,  19.65a, M 966) .
E x a c t  I d e n t i f i c a t i o n  o f  t h i s  f r a c t i o n  can  b e lm ad e  o n l y ^ a f t e r  f u r t h e r  chem­
i c a l  and  s t r u c t u r a l  p u r i f i c a t i o n  d e t e r m i n a t i o n s .  T h e r e f o r e ,  i t  m u s t  b e  
em p h as ized  t h a t  t h i s  i s  a  t e n t a t i v e  i d e n t i f i c a t i o n .  H owever, f o r  p u r p o s e s  
h e r e i n ,  i t  w i l l  b e  r e f e r r e d  t o  a s  d e rm a ta n  s u l f a t e .
A lth o u g h  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  t h e  twd m a jo r  m u s c le s  from  
t h e  ham (SM & BF) c o n t a i n e d  l a r g e r  am ounts  o f  d e rm a ta n  .‘s u l f a t e  th a n  d id  th e  
LD-or PGM ( T a b le  1 ) ,  'These  f i n d i n g s  w ould  s u p p o r t  t h o s e  o f  Fox (1968) t h a t  
a l k a l i  s o l u b i l i z a t i o n  fo l lo w e d  by e n z y m a tic  d i g e s t i o n  d id  n o t  p r e v e n t  t h e  
p r e c i p i t a t i o n  o f  p r o t e i n - p o l y s a c c h a r i d e  c o m p le x e s .
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TABLE 1: Least-squares means for hexosamine content in
dermatan sulfate for individual muscles
H ex o sa m in e 1- c o n t e n t  o b t a i n e d  from  
D erm atan
M u sc le2  s u l f a t e ^  S . E . 1^
SM 5 0 .4 3 ± 5 .3 8
ID 4 6 .9 3 + 5 .3 8
BF 5 3 .9 9 + 5 .3 8
PGM 4 1 .1 4 + 5 .3 8
1 ^ ig .  h e x o sa m in e /g m .  o f  d r i e d ,  d e f a t t e d  m u s c le  t i s s u e
2
SM: sem im em b ran o so u s ; ID . l o n g i s s i m u s  d o r s i : BF: b i c e p s  
f e m o r i s ; PGM: p i r i f o r m i s  and g l u t e u s  m e d iu s
^ T e n t a t i v e  i d e n t i f i c a t i o n
4
S t a n d a r d  d e v i a t i o n  o f  mean ( S t a n d a r d  e r r o r )
H offm an a l .  (1957) an d  M eyer (1 9 6 5 a )  fo u n d  t h a t  t h e  p r o t e i n -  
p o l y s a c c h a r i d e  com p lex  o f  d e rm a ta n  s u l f a t e  i s  n o t  e x t r a c t e d  i n  . s l i g h t l y  
n e u t r a l  o r  a l k a l i n e  s o l u t i o n s .  T h i s  i s  i n  c o n t r a s t  t o  t h e  p r o t e i n -  
p o l y s a c c h a r i d e  c o m p le x e s  o f  c h o n d r o i t i n  s u l f a t e s  (A n d e rso n  a t  a J . ,
1963; M u i r ,  1 9 6 4 ) .  D i f f i c u l t y  i n  e x t r a c t i o n  o f  d e rm a ta n  s u l f a t e  f ro m  
s k i n  and  o t h e r  o r g a n s  may b e  due  t o  i t s  s p e c i f i c  a s s o c i a t i o n  w i t h  h i g h l y  
c r o s s - l i n k e d  c o l l a g e n  and t h e  p re d o m in a n c e  o f  a l k a l i  b t a b l e  N - g l y c o s i d i c  
l i n k a g e s  i n  t h e  p r o t e i n - p o l y s a c c h a r i d e  co m p lex  (H offm an e t  a l . ,  1957; 
M eyer,  1 9 6 5 a ) .
B e c a u se  o f  t h e  r e p o r t e d  p r e s e n c e  o f  s m a l l  g l y c o p e p t i d e s  i n  m o s t  
t i s s u e s  ( J o s e p h  and  B o se ,  1960; L o w th e r  _et « i l . ,  1 9 6 7 ) ,  a n  a t t e m p t  was 
made t o  rem ove them  by  u l t r a f i l t r a t i o n  u s i n g  an  Amicon UM-1 u l t r a f i l ­
t r a t i o n  membrane h a v i n g  a  m o l e c u l a r  w e ig h t  c u t  o f f  o f  1 0 ,0 0 0  (F ox ,
1968; Fox e t  a l . ,  1 9 6 9 ) .  A n a ly s e s  o f  t h e  e f f l u e n t  f r a c t i o n  showed no  
s i g n i f i c a n t  d i f f e r e n c e  i n  h e x o s a m in e  c o n t e n t  b e tw e e n  m u s c l e s ,  H ex o sa ­
m in e  c o n t e n t  o f  t h i s  e f f l u e n t  f r a c t i o n  r a n g e d  from  a  h i g h  o f  2 2 .6 0  ^ ig . /  
gm. t o  a  low o f  1 8 .8 4  j i g . / g m .  f o r  t h e  SM and  LD m u s c l e s ,  r e s p e c t i v e l y  
(T a b le  2 ) .  I r r e s p e c t i v e  o f  m u s c l e s ,  t h e  e f f l u e n t  f r a c t i o n  a c c o u n te d  
f o r  a p p r o x i m a t e l y  3.5% o f  t h e  t o t a l  h e x o s a m in e  r e c o v e r e d .  T h e se  r e ­
s u l t s  a r e  i n  a g r e e m e n t  w i th  t h o s e  r e p o r t e d  by Fox ( 1 9 6 8 ) .
The f r a c t i o n  l e f t  w i t h i n  t h e  u l t r a f i l t r a t i o n  c e l l  a s  d e s c r i b e d  
p r e v i o u s l y  i n  t h i s  m a n u s c r i p t  (p a g e  18) was te rm e d  r e s i d u a l  AMPS m ix ­
t u r e .  H exosam ine  c o n t e n t  r e c o v e r e d  f o r  t h e  i n d i v i d u a l  m u s c le  r e s i d u a l  
AMPS m i x t u r e s  i s  shown i n  T a b l e  2 .  M u s c le s  o f  t h e  ham (SM, BF and PGM)
TABLE 2: Least-squares means for hexosamine content in effluent
and residual AMPS mixture for individual muse es
M u sc le^
Hexosam ine^ 
E f f l u e n t  S .E .^
c o n t e n t  o b t a i n e d  from 
R e s id u a l  AMPS
M ix tu re  S .E .
SM 2 2 .6 0 + 2.01 4 5 5 .0 9 + 2 8 .1 5
LD 1 8 .8 4 + 2.01 3 7 4 .2 2 + 2 8 .1 5
BF 2 0 .5 3 ± 2.01 4 6 4 .2 2 + 2 8 .1 5
PGM 2 0 .1 8 ± 2.01 428.20 + 2 8 .1 5
1 h exosam ine /gm . o f d r i e d , d e f a t t e d  m u s c le t i s s u e
2 SM: Semimem branosous; LD: lo n g i s s im u s  d o r s i ; BF: b i c e p s
f e m o r i s ;  PGM: p i r i f o r m i s  and  g l u t e u s  m ed ius
3
S ta n d a rd  d e v i a t i o n  pf mean ( S t a n d a r d  e r r o r
c o n t a i n e d  a n  a v e ra g e  o f  6 4 .9 5  j j g . / g m .  m ore  h e x o s a m in e  t h a n  d i d  t h e  l o i nt
m u s c le  (L D ) . H owever, d i f f e r e n c e s  fo u n d  w e re  n o t  s t a t i s t i c a l l y  s i g n i f i ­
c a n t .  An a v e r a g e  o f  s l i g h t l y  more t h a n  877= o f  th e  h e x o s a m in e  ( b a s e d  on 
t o t a l  h e x o s a m in e  r e c o v e r e d )  was o b t a i n e d  i n  t h i s  m i x t u r e ,  i n d e p e n d e n t  o f  
m u sc le  s o u r c e .
R e l a t i o n s h i p  o f  I n d i v i d u a l  AMPS F r a c t i o n a t e d  from  
R e s i d u a l  M ix tu r e  to  P o r c i n e  M u sc les
P r e l i m i n a r y  i n v e s t i g a t i o n s  showed t h a t  t h e  f r a c t i o n  e l u t e d  w i t h  
0 .0 5  M NaCl c o u ld  n o t  b e  p r e c i p i t a t e d  by e t h y l  a l c o h o l - N a  a c e t a t e ,  
c e t y l p y r i d i n u m  c h l o r i d e ,  o r  c e t y l t r i m e t h y l  ammonium b r o m id e .  T h e se  
f i n d i n g s  w e re  i n  a g re e m e n t  w i th  t h o s e  r e p o r t e d  by L o w th e r  ja t  a l . (1 9 6 7 )  
and  Fox ( 1 9 6 8 ) .  T hese  w o r k e r s  s u g g e s t e d  t h e  te rm  " g l y c o p r o t e i n "  f o r  
t h i s  p a r t i c u l a r  f r a c t i o n .  S in c e  f u r t h e r  c h a r a c t e r i z a t i o n  o f  t h i s  f r a c ­
t i o n  was n o t  p e r fo rm e d  i n  t h i s  s t u d y ,  l i t t l e  i s  known e x c e p t  t h a t  t h e  
m o l e c u l a r  w e i g h t  i s  g r e a t e r  t h a n  10,000 b e c a u s e  i t  d i d  n o t  p a s s  th r o u g h  
t h e  u l t r a f i l t r a t i o n  m em brane.
No s i g n i f i c a n t  d i f f e r e n c e s  w ere  fo u n d  i n  " g l y c o p r o t e i n "  o r  
h y a l u r o n i c  a c i d  f r a c t i o n s  f o r  i n d i v i d u a l  m u s c l e s  s t u d i e d  (T a b le  3 ) .  
H ow ever, i t  was n o te d  t h a t  t h e  m u s c le s  o f  t h e  ham h a d  g r e a t e r  c o n t e n t s  
o f  b o th  f r a c t i o n s  th a n  d i d  t h e  LD m u s c le .
No s i g n i f i c a n t  d i f f e r e n c e s  w ere  fo u n d  b e tw ee n  m u s c l e s  i n  h e x o ­
sam ine  c o n t e n t  o f  c h o n d r o i t i n ,  c h o n d r o i t i n  s u l f a t e s  A an d  C and  h e p a r i n  
( T a b le  4 ) .  R anking  o f  f o u r  m u s c le s  i n  h e x o s a m in e  c o n t e n t  o f  c h o n d r o i t i n  
w a s : sem im em branosous >  b i c e p s  f e tn o r l s  >  p i r i f o r m i s  an d  g l u t e u s  m e d iu s
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TABLE 3 : L e a s t - s q u a r e s  means f o r  h e x o s a m in e  c o n t e n t  i n  " G l y c o p r o t e i n "
and  h y a l u r o n i c  a c i d  f r a c t i o n  f o r  I n d i v i d u a l  m u s c le s
M u sc le ^
H exosam ine^  c o n t e n t o b t a i n e d  fro m
G l y c o p r o t e i n S . E . 3
H y a l u r o n i c
a c i d S .E .
SM 1 0 6 .0 1 + 8 .9 9 1 9 6 .6 8 + 1 4 .1 7
LD 8 7 .0 0 + 8 .9 9 1 5 2 .8 6 ± 1 4 .1 7
BF 1 0 3 .3 3 ± 8 .9 9 1 9 4 .4 2 + 1 4 .1 7
PGM 1 0 4 .8 7 + 8 .9 9 1 8 8 .2 6 + 1 4 .1 7
jag. h e x o sa m in e /g m . o f  d r i e d ,  d e f a t t e d  m u s c le  t i s s u e
2
SM: semimembranoBQUS; LD: lo n g iss im u s d o r s i ; BF: b ic e p s  fe tn o r is ;
PGM: p ir ifo r m is  and g lu te u s  m edlus
3 S t a n d a r d  d e v i a t i o n  o f  m ean ( S t a n d a r d  e r r o r )
TABLE 4: Least-squares means for hexosamine content in chondroitin, chondroitin sulfates
A and C, and heparin fractions for individual muscles
Hexosamine  ^ c o n t e n t  o b ta in e d  from
C h o n d ro i t in
M uscle C h o n d ro i t in S .E .^  S u l f a t e s  A & C S .E .  H e p a r in S .E .
SM 77 .43 + 7 .99 20 .52 + 1.92 16 .34 + 1 .64
LD 54.95 + 7.99 22 .52 + 1.92 17.18 ± 1.64
BF 72.69 + 7 .99 2 0 .4Q ± 1.92 18.24 ± 1.64
PGM 64.38 + 7 .99 19.71 + 1.92 19 .51 + 1 .64
1 j ig .  hexosam ine/gm . o f  d r i e d ,  d e f a t t e d  m usc le  t i s s u e
2
SM: semimembranosous; LD: lo n g is s im u s  d o r s i ; BF: b ic e p s  f e m o r i s ; PGM: p i r i f o r m i s
and g lu t e u s  medius
^ S ta n d a rd  d e v i a t i o n  o f  mean (S ta n d a rd  e r r o r )
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lo n g i s s im u s  d o r s i . H owever, t h e  lo n g i s s im u s  d o r s i  m u sc le  h a d  a  g r e a t e r  
am ount o f  c h o n d r o i t i n  s u l f a t e s  A and  C th a n  d i d  th o s e  m u sc le s  from th e  
ham. A lth o u g h  no s i g n i f i c a n t  q u a n t i t a t i v e  d i f f e r e n c e s  w ere  fo u n d ,  th e  
p o s s i b i l i t y  t h a t  q u a l i t a t i v e  ch an g e s  h a v e  o c c u r r e d  a r e  n o t  e x c lu d e d .  
P a r t r i d g e  (1948) s u g g e s t e d  t h a t  c h o n d r o i t i n  s u l f a t e  A i s  c r o s s - l i n k e d  
t o  c o l l a g e n  i n  te n d o n .  T h ere  i s  no e v id e n c e  to  show c h o n d r o i t i n  s u l ­
f a t e  A i s  i n c o r p o r a t e d  i n t o  t h e  t i s s u e  s t r u c t u r e .  H owever, Mathews
(1965) h a s  r e c e n t l y  p ro p o s e d  a  m odel f o r  c h o n d r o i t i n  s u l f a t e  A i n t e r a c ­
t i o n  w i th  c o l l a g e n  and h a s  t h e o r e t i c a l l y  e x p l a i n e d  how t h i s  i s  b r o u g h t  
a b o u t .  J a c k s o n  (1954) c o n s id e r e d  th e  s t r u c t u r e  o f  te n d o n  a s  b u n d le s  o f  
p o l y p e p t i d e  c h a in s  bound t o g e t h e r  b y  i n t e r - c h a i n  f o r c e s ,  t h e s e  b u n d le s  
b e i n g  f u r t h e r  a g g r e g a te d  by  c h o n d r o i t i n  s u l f a t e  A a c t i n g  a s  a  cement 
s u b s t a n c e .  W hether  t h e  p r e c e d in g  o c c u r s  to  v a r y i n g  d e g re e s  i n  p o rk  
m u sc le  can  be  a s c e r t a i n e d  o n ly  by  f o l l o w i n g  d e t a i l e d  q u a l i t a t i v e  and 
s t r u c t u r a l  s t u d i e s  i n v o l v i n g  c o l l a g e n  a n d / o r  c h o n d r o i t i n  s u l f a t e s .
H exosam ine c o n t e n t  o f  h e p a r i n ,  u n l i k e  o t h e r  f r a c t i o n s  s t u d i e d ,  
showed no d i s c e r n i b l e  p a t t e r n  o f  d i f f e r e n c e  b e tw e e n  th e  l o i n  and  ham 
m u s c l e s .
R e l a t i o n s h i p  o f  D erm atan  S u l f a t e ,  E f f l u e n t  and R e s id u a l  
AMPS M ix tu re  t o  Q u a l i t y  S c o re s
P a l e ,  s o f t ,  e x u d a t iv e  p o rk  m u s c le  was fo u n d  to  h av e  a  s i g n i f i ­
c a n t l y  ( P < . 0 5 )  h i g h e r  hex o sam in e  c o n t e n t  o f  d e rm a ta n  s u l f a t e  th a n  
n o rm a l p o r k  m u sc le  (T a b le  5 ) .  F a u l t y  d e rm a ta n  s u l f a t e  m e ta b o l i s m  has  
b e e n  a s s o c i a t e d  w i th  t h e  p a t h o l o g i c a l  a b n o r m a l i t y  known a s  H u r l e r ' s  sy n ­
drom e. I n  p a t i e n t s  w i t h  H u r l e r ' s  syndrom e, t i s s u e  and u r i n e  c o n t a i n  u n u s u ­
a l l y  h ig h  am ounts  o f  d e rm a ta n  s u l f a t e  (Dorfman and L o r in c z ,  1957; Dorfman, 
1 9 6 4 ) .
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TABLE 5: L e a s t - s q u a r e s  means f o r  hexosam ine  c o n t e n t  i n  d e rm a tan
s u l f a t e  f r a c t i o n  f o r  d i f f e r e n t  q u a l i t y  scorfes
Q u a l i t y
s c o re ^
1
H ex o sam in e i c o n t e n t o b t a i n e d  from
D erm atan
s u l f a t e ^ S . E .4
PSE 5 7 . 2 5 a + 9 .2 7
SLIGHTLY PSE 4 5 . 26ab + 8 .7 4
normal 4 l . 8 6 b + 9 .9 1
^ ^ig. h ex o sam in e /g m . o f  d r i e d ,  d e f a t t e d  m u s c le  t i s s u e  
W isco n s in  S ta n d a rd s  (A non .,  1963)
T e n t a t i v e  i d e n t i f i c a t i o n
S ta n d a rd  d e v i a t i o n  o f  mean ( S t a n d a r d  e r r o r )
a  Id’ Means i n  t h e  same column b e a r i n g  d i f f e r e n t  s u p e r s c r i p t  d i f f e r  
s i g n i f i c a n t l y  (P <  .05 )
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H u r l e r ' s  Syndrome i s  a  h e r i t a b l e  d i s e a s e  o f  c o n n e c t iv e  t i s s u e  
w h ich  i s  c h a r a c t e r i z e d  by a  m a s s iv e  d e p o s i t i o n  o f  d e rm a tan  s u l f a t e  w i th  
a  c o n s e q u e n t  s t r i k i n g  s t r u c t u r a l  and  f u n c t i o n a l  d i s t o r t i o n  o f  t i s s u e s  
(D orfm an, 1 9 6 4 ) .  Dorfman (1964) h a s  s u g g e s te d  t h a t  t h e  m e t a b o l i c  de­
f e c t  i n  t h i s  d i s e a s e  may r e s i d e  i n  a  d e f e c t  o f  t h e  p e p t i d e ,  o r  l i n k a g e  
o f  th e  p e p t i d e  to  p o l y s a c c h a r i d e  r e s u l t i n g  i n  f a i l u r e  o f  t h e  AMPS to  be 
f i x e d  n o r m a l ly  i n  c o n n e c t iv e  t i s s u e .  Such a  d e f e c t  may r e s u l t  i n  i n ­
c r e a s e d  d e rm a ta n  s u l f a t e  p r o d u c t i o n .  I f  t h e  p r e c e d i n g  ty p e  s i t u a t i o n  
e x i s t s  i n  PSE m u s c u l a t u r e ,  i t  c o u ld  p o s s i b l y  a c c o u n t  f o r  some o f  th e  
l o s s  i n  f i r m n e s s  and f i b r i l l a r  s t r u c t u r e  commonly o b s e r v e d  i n  PSE p o rk .
The r a n k in g  o f  q u a l i t y  s c o r e s  i n  h ex o sa m in e  co n ten t :  o f  e f f l u e n t  
f r a c t i o n  from  h ig h  to  low was a s  f o l l o w s :  N orm al,  s l i g h t l y  PSE, PSE
m u s c le .  The d i f f e r e n c e  o f  7 .2 6  j i g . / g m .  o f  h ex o sam in e  b e tw e e n  norm al 
and PSE m u s c le  was h i g h l y  s i g n i f i c a n t  (P <  .0 1 )  ( T a b le  6) .  S in c e  f u r t h e r  
c h a r a c t e r i z a t i o n  o f  t h i s  f r a c t i o n  was n o t  c a r r i e d  o u t ,  n o t h i n g  c a n  be 
s a i d  a b o u t  i t s  b i o l o g i c a l  r o l e  i n  q u a l i t y  ch a n g e s  o b s e r v e d .
Normal p o r k  m u s c le s  w ere  fo u n d  to  h a v e  a  s i g n i f i c a n t l y  ( P <  .05 )  
lo w er  h ex o sa m in e  c o n c e n t r a t i o n  o f  r e s i d u a l  AMPS m i x tu r e  th a n  PSE m u sc le s  
(T a b le  6) .  A lthough  a  s i g n i f i c a n t  q u a d r a t i c  s u r f a c e  r e s p o n s e  was n o t  
fo u n d ,  i t  was n o te d  t h a t  a s  q u a l i t y  s c o r e  d e v i a t e d  from n o rm a l to  th e  
PSE c o n d i t i o n ,  t h e r e  was a  r a p i d  i n c r e a s e  i n  AMPS, a s  shown i n  s l i g h t l y  
PSE m u s c le ,  fo l lo w e d  by a  g r a d u a l  d e c r e a s e  (PSE m u s c le )  and  p ro b a b ly  
l e v e l i n g  o f f  (T a b le  6) . Norman (1966) exam ined a  number o f  p o s t -m o r te m  
p o r c i n e  m u s c le s  f o r  s p e c i f i c  symptoms o f  m u s c u la r  d y s t r o p h y  and found 
p a t h o l o g i c a l  l e s i o n s  and  g r a n u l a r  d e g e n e r a t i o n  to  be  r a t h e r  common in
TABLE 6 : Least-squares means for hexosamine content in effluent
and residual AMPS mixture for different quality scores
W is c o n s in
S c o re ^
H exosam ine^ c o n t e n t o b t a i n e d  from
E f f l u e n t S .E . 3
R e s id u a l  AMPS 
M ix tu r e S.E
PSE 1 6 .9 7 ° + 1 .7 2 4 4 8 . 0 7 a ± 2 4 .2 5
S l i g h t l y  PSE 2 0 .4 1 cd + 1 .6 3 4 6 6 .6 6 ab + 22.86
Normal 2 4 .2 3 d + 1 .8 5 3 7 6 .61b + 2 5 .9 2
1 jig. h ex o sam in e /g m . o f  d r i e d ,  d e f a t t e d  m u sc le  t i s s u e
^ W is c o n s in  S t a n d a r d s  (A n o n . ,  1963)
^ S t a n d a r d  d e v i a t i o n  o f  mean ( S ta n d a r d  e r r o r )
a , b  Means i n  same colum n b e a r i n g  d i f f e r e n t  s u p e r s c r i p t  d i f f e r  
s i g n i f i c a n t l y  (P <  .0 5 )
c , d  Means in  same colum n b e a r i n g  d i f f e r e n t  s u p e r s c r i p t  d i f f e r  
s i g n i f i c a n t l y  (P <  .01 )
p o r c i n e  m u s c le s .  I n  r e l a t i o n  t o  t h i s ,  s e v e r a l  r e p o r t s  h a v e  been  made 
show ing  an  i n c r e a s e  i n  AMPS, t h e n  g ra d u a l  d e c l i n e  in  body t i s s u e s  w hich  
h av e  u n d e rg o n e  r e g e n e r a t i o n ,  r e p a i r  and g ro w th ,  f o l lo w in g  in f la m m a to ry  
l e s i o n s  and p a t h o l o g i c a l  d i s t u r b a n c e s  ( B o l l e t  e t  a l . ,  1958; Boucek e t  
a l . , 1959; Houck and J a c o b ,  1 9 6 1 ) .  The b io c h e m ic a l  and p h y s i o l o g i c a l  
f a c t o r s  in v o lv e d  i n  th e  p r e c e d i n g  s i t u a t i o n s  and  th e  s t r u c t u r a l  ch an g es  
w hich  m ig h t  o c c u r  i n  th e  AMPS n e e d  to  be t h o r o u g h l y  exam ined  i n  f u t u r e  
r e s e a r c h .
R e l a t i o n s h i p  o f  AMPS F r a c t i o n a t e d  from R e s i d u a l  
M ix tu r e  t o  Q u a l i t y  S co re s
T a b le  7 shows th e  mean h ex o sam in e  c o n t e n t  i n  " g l y c o p r o t e i n "  and 
h y a l u r o n i c  a c i d  f r a c t i o n s  f o r  q u a l i t y  s c o r e s .  P a l e ,  s o f t ,  e x u d a t iv e  
m u s c le  c o n t a in e d  a  s i g n i f i c a n t l y  (P  <  .05 )  l a r g e r  amount o f  hexosam ine  
in  t h e  " g l y c o p r o t e i n "  f r a c t i o n  th a n  d id  n o rm a l  m u sc le .
Numerous r e s e a r c h e r s  h a v e  d e m o n s t r a te d  t h e  p r e s e n c e  o f  " g ly c o ­
p r o t e i n s "  i n  e l a s t i n  and c o l l a g e n  b u n d le s  (Humphrey e t  a l . , 1957; 
J o h a n s e n  e t  a l . ,  1958; Jo se p h  a n d  Bose, 1 9 6 0 ) .  McGavack an d  Kao (1963) 
i s o l a t e d  a  " g l y c o p r o t e i n '  f rom  i n s o l u b l e  c o l l a g e n  and i n d i c a t e d  t h a t  i t ,  
l i k e  many AMPS, h a d  a  c l o s e  r e l a t i o n s h i p  t o  t h e  i n t e g r i t y  o f  c o l l a g e n  
f i b r i l s .  H ig h b e r g e r  e t  a l .  (1 9 5 1 )  b e l i e v e  t h a t  c a r b o h y d r a t e  m a t e r i a l s  
such  a s  " a c i d  g l y c o p r o t e i n "  p l a y  an im p o r ta n t  r o l e  in  th e  f o r m a t io n  o f  
th e  c o l l a g e n  f i b r i l .  What im p o r ta n c e  t h i s  p a r t i c u l a r  f r a c t i o n  may h a v e  
i n  p o r k  m u sc le  q u a l i t y  w i l l  n o t  b e  known u n t i l  f u r t h e r  c h a r a c t e r i z a t i o n  
h a s  b e e n  c a r r i e d - o u t .
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TABLE 7: L e a s t - s q u a r e s  means f o r  hex o sam in e  c o n t e n t  i n  " g l y c o p r o t e i n ”
and h y a l u r o n i c  a c i d  f r a c t i o n s  f o r  d i f f e r e n t  q u a l i t y  s c o r e s
Q u a l i t y
s c o r e
H exosam ine^  c o n t e n t  o b t a i n e d from
G ly c o p r o te in S .E . 3
H y a lu r o n ic
a c i d S .E .
PSE 1 1 3 .42a + 7 .7 5 188 .66 + 4 1 .6 0
S l i g h t l y  PSE 100. 12ab + 7 .3 0 2 0 2 .1 9 ± 4 3 .3 0
Normal 8 7 . 37a  + 8 .2 9 1 6 0 .3 1 + 4 2 .6 0
^ig. h ex o sam in e /g m . o f  d r i e d ,  d e f a t t e d  m u s c le  t i s s u e
2
W isc o n s in  S t a n d a r d s  (A n o n .,  1963)
3 S ta n d a rd  d e v i a t i o n  o f  mean ( S ta n d a r d  e r r o r )
a , k Means i n  same column b e a r i n g  d i f f e r e n t  s u p e r s c r i p t  d i f f e r  s i g n i ­
f i c a n t l y  (P <  .0 5 )
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P a le *  s o f t ,  e x u d a t iv e  m u s c le  was found  t o  h a v e  a  h i g h e r  h ex o sam in e  
c o n t e n t  o f  h y a l u r o n i c  a c i d  th a n  n o rm a l  m u s c le  ( T a b le  7 ) .  A l th o u g h  t h i s  
d i f f e r e n c e  i n  q u a n t i t y  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  i t  d o es  n o t  
e x c lu d e  t h e  p o s s i b i l i t y  t h a t  s t r u c t u r a l  c h a n g e s  h a v e  o c c u r r e d  i n  h y a ­
l u r o n i c  a c i d  a s  q u a l i t y  d e c r e a s e s  from n o rm a l t o  PSE c o n d i t i o n .
S e v e r a l  p a t h o l o g i c a l  d i s t u r b a n c e s  i n v o l v i n g  s y n o v i a l  f l u i d  h a v e  
b e e n  a t t r i b u t e d -  t o  an  abno rm al s y n t h e s i s  o f  h y a l u r o n i c  a c i d  w i t h  a  low 
d e g re e  o f  p o l y m e r i z a t i o n  (Brimacombe and  W ebber, 1 9 6 4 ) .  The d e m o n s t r a ­
t i o n  by  H endry  and  C a r r  (1963) t h a t  a  h y a l u r o n i d a s e  i s  p r e s e n t  i n  ab­
n o rm al am ounts  i n  t h e  s y n o v i a l  membrane i n  r h e u m a to id  a r t h r i t i s  and 
a l l i e d  j o i n t  d i s e a s e s  s u g g e s t s  t h a t  d e p o l y m e r i z a t i o n  o f  h y a l u r o n i c  a c i d  
i s  b r o u g h t  a b o u t  e n z y m a t i c a l l y .
Blum berg and  O g sto n  (1958) d e m o n s t r a te d  t h a t  a c i d i f i c a t i o n  and 
d i l u t i o n  o f  body f l u i d s  c a u s e s  h y a l u r o n i c  a c i d  t o  p r e c i p i t a t e  o u t  i n  
t h e  form  o f  lo n g  f i b e r s .  S in c e  a c i d i f i c a t i o n  and d i l u t i o n  o f  body  
f l u i d s  i s  a  common c h a r a c t e r i s t i c  o f  PSE m u s c l e ,  i t  seems p l a u s i b l e  t h a t  
t h e  p r e c e d i n g  s i t u a t i o n  c o u ld  e x i s t  i n  t h i s  c o n d i t i o n .  I f  t h i s  d id  o c c u r ,  
i t  w ould  d i r e c t l y  a f f e c t  th e  l o s s  o f  w a t e r  from  m u s c le  t i s s u e ,  s i n c e  th e  
m a jo r  f u n c t i o n  a t t r i b u t e d  to  h y a l u r o n i c  a c i d  i s  t h a t  o f  w a t e r  b i n d i n g .  
H ow ever, i t  i s  f e l t  a t  t h i s  t im e  t h a t  th e  w a t e r  b i n d i n g  p r o p e r t i e s  o f  
h y a l u r o n i c  a c i d  i n  PSE m u s c le  a r e  g r e a t l y  overshadow ed  by  t h e  m y o f i b r i l ­
l a r  p r o t e i n s .
D e t a i l e d  s t r u c t u r a l  a n a l y s e s  w i l l  be  n e e d e d  to  d e t e r m in e  w hat 
f u n c t i o n s ,  i f  a n y ,  h y a l u r o n i c  a c i d  p e r fo rm s  i n  p o r c i n e  m u s c le .
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A s i g n i f i c a n t  d i f f e r e n c e  (P  <  .0 5 )  w as fo u n d  b e tw e e n  PSE and n o rm a l  
m u s c l e  i n  c o n t e n t  o f  c h o n d r o i t i n ,  v a l u e s  a v e r a g i n g  7 2 .4 7  and  5 2 .6 8  j i g .  
h e x o s a m in e /g m .  t i s s u e ,  r e s p e c t i v e l y  ( T a b le  8) .  A l th o u g h  n o t  s t a t i s t i ­
c a l l y  s i g n i f i c a n t ,  PSE m u s c le  h a d  a  lo w e r  c o n t e n t  o f  c h o n d r o i t i n  s u l ­
f a t e s  A and  C t h a n  d i d  n o rm a l  m u s c l e .  The h i g h  c o n t e n t  o f  c h o n d r o i t i n  
i n  PSE m u s c le  c o u l d  p a r t i a l l y  e x p l a i n  th e  low  c o n t e n t  o f  c h o n d r o i t i n  
s u l f a t e s  A and  C, w h i l e  t h e  r e v e r s e  w ou ld  be  t r u e  f o r  n o rm a l  m u s c l e ,  ; 
s i n c e  c h o n d r o i t i n  i s  t h e  p r e c u r s o r  o f  b o t h  s u l f a t e d  AMPS.
A common c h a r a c t e r i s t i c  o f  PSE p o r k  i s  i t s  l o s s  o f  m u s c le  f i r m n e s s .  
C a s s e n s  a t  fQ . (1963) s u g g e s t e d  t h a t  t h e  c o m b in a t i o n  o f  h i g h  m u s c le  tem­
p e r a t u r e  and  low pH may c a u s e  an  a l t e r a t i o n  i n  t h e  c o n n e c t i v e  t i s s u e  com­
p o n e n t s  o f  PSE m u s c l e ,  t h e r e b y  c o n t r i b u t i n g  t o  i t s  p o o r  t e x t u r e .  S in c e  
c h o n d r o i t i n  s u l f a t e s  h a v e  b e e n  shown t o  b e  c l o s e l y  a s s o c i a t e d  w i t h  c o l ­
l a g e n  ( J a c k s o n ,  1954; M athew s, 1 9 6 5 ) ,  i t  seem s t e n a b l e  t h a t  t h e i r  d e c r e a s e  
i n  PSE m u s c le  c o u l d  h a v e  a  p r o f o u n d  e f f e c t  u p o n  th e  s t a b i l i t y  o f  c o l l a g e n  
and  u l t i m a t e l y  m u s c l e  f i r m n e s s .
O r th o g o n a l  c o m p a r is o n s  o f  q u a l i t y  s c o r e s  r e v e a l e d  a  s i g n i f i c a n t  
(P  <  .0 5 )  q u a d r a t i c  r e s p o n s e  t o  e x i s t  i n  c o n t e n t  o f  c h o n d r o i t i n  s u l f a t e s  
A and  C a s  q u a l i t y  d e v i a t e d  from  n o rm a l  t o  t h e  PSE c o n d i t i o n .  P a r t i a l  
e x p l a n a t i o n  f o r  t h i s  may b e  b a s e d  on th e  f o l l o w i n g  known f a c t o r s .  L aw rie  
(1966 )  h a s  s t a t e d  t h a t  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  o f  p i g s  t o  s t r e s s  
m u s t  r e f l e c t  i n h e r e n t  f a c t o r s  o p e r a t i n g  o v e r  a  c o n s i d e r a b l e  p e r i o d  o f  
t im e  i n  t h e  a n i m a l ’ s  l i f e .  L u d v ig s e n  (1 9 5 4 ,  1957) and  H enry  _et a l .
(1958 )  r e p o r t e d  t h a t  p i g s  w i th  PSE m u s c u l a t u r e  p ro d u c e d  e n h a n c e d  am ounts
TABLE 8 : Least-squares means for hexosamine content in chondroitin, chondroitin sulfates A & C,
and heparin fractions for different quality scores
Hexosamine*- c o n te n t o b ta in e d  from
W isco n s in
S c o re2 C h o n d ro i t in S .E .3
C h o n d ro i t in  
S u l f a t e s  A & C S .E . H e p a r in S .E .
PSE 7 2 .4 7 a 6.88 16 .61 1.65 1 3 .4 4 c 1 .41
S l i g h t l y  PSE 7 6 .9 2 ab 6 .48 24 .40 1 .56 1 9 . 18cd 1 .33
Normal 5 2 .6 8 b 7 .3 6 21 .15 1.77 2 0 .8 4 d 1.51
 ^ j ig .  hexosam ine/gm . o f  d r i e d ,  d e f a t t e d  m uscle  t i s s u e
W isconsin  S ta n d a rd s  (A non ., 1963)
3 S ta n d a rd  d e v i a t i o n  o f  mean (S ta n d a rd  e r r o r )
el b* Means in  th e  same column b e a r i n g  d i f f e r e n t  s u p e r s c r i p t  d i f f e r  s i g n i f i c a n t l y  (P <  .05) 
c d’ Means i n  th e  same column b e a r i n g  d i f f e r e n t  s u p e r s c r i p t  d i f f e r  s i g n i f i c a n t l y  (P .01)
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o f  s o m a to t r o p h in  and  r e d u c e d  am ounts  o f  ACTH. T o p e l  _et a l .  (1 9 6 7 )  r e ­
p o r t e d  a d r e n a l  a t r o p h y  and s l i g h t l y  lo w e r  l e v e l s  o f  1 7 - O H - c o r t i c o s t e r o n e  
( C o r t i s o l )  i n  p i g s  w i th  s e v e r e  PSE m u s c u l a t u r e .  I n  r e l a t i o n  t o  t h i s ,  
D z ie w ia tk o w sk i  (1964) found t h a t  i n j e c t i o n s  o f  s o m a to t r o p h in  p ro d u c e d  
a  r a p i d  i n c r e a s e  i n  c h o n d r o i t i n  s u l f a t e s  w i t h i n  t i s s u e s .  Branwood 
(1963) s t a t e d  t h a t  ACTH p e r  s e  p r o b a b ly  h a s  no e f f e c t  on c h o n d r o i t i n  
s u l f a t e  s y n t h e s i s .  H owever, i t  h a s  b e e n  found  i n  o t h e r  s t u d i e s ,  t h a t  
low  l e v e l s  o f  ACTH and c o r t i s o l  s t i m u l a t e d  c h o n d r o i t i n  s u l f a t e  s y n t h e s i s  
i n  t i s s u e  (D z ie w ia tk o w s k i ,  1 9 6 4 ) .  F u tu r e  r e s e a r c h  i s  need ed  i n  t h i s  a r e a  
t o  d e t e r m in e  w hat m echan ism s a r e  i n h i b i t e d  o r  s t i m u l a t e d  in  c h o n d r o i t i n  
s u l f a t e  s y n t h e s i s  when a c t e d  upon  by s p e c i f i c  h o rm o n es .
R ank ing  o f  t h e  t h r e e  q u a l i t y  s c o r e s  i n  h e x o sa m in e  c o n t e n t  o f  
h e p a r i n  f r a c t i o n  was a s  f o l l o w s :  N orm al>  s l i g h t l y  PSE>PSE ( T a b l e  8) .
When o r th o g o n a l  c o m p a r is o n s  w ere  made b e tw ee n  n o rm a l  and PSE m u s c u l a ­
t u r e ,  n o rm a l  m u sc le  h a d  v e r y  s i g n i f i c a n t l y  (P <  .0 1 )  more h e p a r i n  th a n  
PSE m u sc le  (T a b le s  8 and  2 1 ) .
A r e c e n t  r e v ie w  by E n g e lb e rg  (1 9 6 3 ) ,  show ing  th e  r e l a t i o n s h i p  
be tw een  h e p a r i n  and a l d o s t e r o n e ,  c o u ld  p o s s i b l y  e x p l a i n  th e  low  am ount 
o f  h e p a r i n  found  i n  p i g s  w i th  PSE m u s c u l a tu r e  i n  t h i s  e x p e r im e n t .  I t  
h a s  b e e n  o b s e rv e d  i n  many i n d i v i d u a l s  w i th  n e p h r o s i s  t h a t  t h e r e  i s  a 
m a rk e d ly  r e d u c e d  a l d o s t e r o n e  o u t p u t  ( E n g e lb e r g ,  1 9 6 3 ) .  In  a d d i t i o n  to  
t h i s ,  low  l e v e l s  o f  h e p a r i n  hav e  b e e n  shown to  c a u s e  a c u t e  K l o s s  i n  
d o g s .  E n g e lb e rg  (1963) s u g g e s te d  t h a t  t h e  r e d u c e d  edema i n  n e p h r o t i c  
p a t i e n t s  f o l lo w in g  h e p a r i n  i n j e c t i o n  may h av e  r e s u l t e d  from i t s  i n h i b i ­
t o r y  i n f l u e n c e  on t h e  s e c r e t i o n  o r  a c t i o n  o f  a l d o s t e r o n e .
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P a s s b a c h  _et ail. (1 9 6 8 ,  1969) o b s e r v e d  t h a t  a  1 .5  mg. i n t r a v e n o u s  
i n j e c t i o n  o f  a l d o s t e r o n e  p ro d u c e d  a  m arked  PSE c o n d i t i o n  i n  P o la n d  C hina  
p i g s .  T hese  w o rk e rs  a l s o  r e p o r t e d  t h a t  500 mg. o f  an  a l d o s t e r o n e  b l o c k ­
in g  a g e n t ,  a l d a c t a z i d e ,  s i g n i f i c a n t l y  (P .0 5 )  p r e v e n t e d  PSE m u s c le  i n  
s t r e s s - s u s c e p t i b l e  p i g s .  I t  a p p e a r s  from  t h e  p r e c e d i n g  f i n d i n g s  t h a t  low 
l e v e l s  o f  h e p a r i n  o b se rv e d  i n  PSE p i g s  i n  t h e  e x p e r im e n t  r e p o r t e d  h e r e i n  
c o u ld  be p o s s i b l y  r e l a t e d  t o  h i g h  a l d o s t e r o n e  o u t p u t ,  w h i l e  t h e  r e v e r s e  
w ould  be t r u e  f o r  norm al p i g s .  H owever, u n t i l  f u r t h e r  r e s e a r c h  i s  co n ­
d u c te d  on th e  s p e c i f i c  r e l a t i o n s h i p  b e tw e e n  h e p a r i n  and  a l d o s t e r o n e  o u t ­
p u t  i n  PSE and  norm al p i g s ,  t h e  above r e m a in s  o n ly  a  t h e o r e t i c a l  p o s s i b i l i t y .
R e l a t i o n s h i p  o f  T e n d e rn e ss  to  S p e c i f i c  A c id  
M u c o p o ly s a c c h a r id e s
C o r r e l a t i o n  c o e f f i c i e n t s  b e tw een  s h e a r  v a l u e  and  s p e c i f i c  AMPS a r e  
shown in  T a b le  9 .  A h i g h l y  s i g n i f i c a n t  (P  <  .0 1 )  p o s i t i v e  c o r r e l a t i o n  was 
fo u n d  b e tw ee n  s h e a r  v a l u e  and  d e rm a ta n  s u l f a t e  c o n t e n t  o f  t h e  _1, d o r s i . 
Numerous r e s e a r c h e r s  h a v e  shown d e rm a ta n  s u l f a t e  t o  b e  s p e c i f i c a l l y  a s s o ­
c i a t e d  w i th  h i g h l y  c r o s s - l i n k e d  c o l l a g e n  f i b e r  b u n d le s  (Hoffman e t  a l . .
1957; Loewi and  M eyer, 1958; and  Low ther e t  _ a l . , 1 9 6 7 ) .  T o o le  and  L ow ther
(1966) fo u n d  de rm a tan  s u l f a t e  t o  be  t i g h t l y  bound t o  i n s o l u b l e  com ponents  
o f  s k i n ,  w h ich  th e y  s u g g e s t e d  w ere  c o l l a g e n  f i b e r s .  The o c c u r r e n c e  o f  
d e tm a ta n  s u l f a t e  i n  t i s s u e s  c o n t a i n i n g  h i g h l y  c r o s s - l i n k e d  c o l l a g e n  makes 
i t  h i g h l y  p r o b a b l e  t h a t  i t  i s  i n v o lv e d  i n  t h e  s t r u c t u r a l  s t a b i l i t y  o f  
c o l l a g e n  b u n d le s  (McGavack and  Kao, 1 9 6 3 ) .  Meyer (1965a) s u g g e s t e d  t h a t  
d e rm a tan  s u l f a t e  may be  c o v a l e n t l y  l i n k e d  t o  th e  c o l l a g e n  m o l e c u le .
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TABLE 9: S im p le  c o r r e l a t i o n  c o e f f i c i e n t s  b e tw een  s h e a r
v a l u e ,  d e rm a ta n  s u l f a t e ,  c h o n d r o i t i n ,  and 
c h o n d r o i t i n  s u l f a t e s  A & C
A cid  M u c o p o ly s a c c h a r id e S h e a r  V a lu e
D erm atan  S u l f a t e 0 . 86**
C h o n d r o i t in 0 .5 3
C h o n d r o i t in  s u l f a t e  A & C 0 .2 8
**(P <  .01)
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M u ll in s  e t  £ l .  (1969) r e p o r t e d  th e  m a jo r  c a u s e  o f  t e n d e r n e s s  
v a r i a t i o n  i n  young b e e f  t o  be  due t o  t h e  s t a t e  o f  c o n t r a c t i o n  o f  t h e  
m y o f i b r i l l a r  p r o t e i n s .  W ipf ( u n p u b l i s h e d  d a t a )  found  no d i f f e r e n c e  i n  
s a rc o m e re  l e n g th  b e tw e e n  tough  and  t e n d e r  p o r k  _1. d o r s i  m u s c l e s .  How­
e v e r ,  a  much g r e a t e r  v a r i a t i o n  i n  t e n d e r n e s s  was e n c o u n te r e d  in  b e e f  
m u s c le s  s t u d i e d  th a n  was e n c o u n te r e d  i n  t h e s e  p o r k  m u s c l e s ,
T h o rn to n  e t  a l .  (1968) r e c e n t l y  s u g g e s t e d  t h a t  a l t e r e d  m e t a b o l i c  
p a t t e r n s  o f  t h e  t i s s u e  c o u ld  r e s u l t  i n  p o r k  w h ich  h a s  a  g r e a t e r  c r o s s -  
l i n k i n g  i n  i t s  c o n n e c t i v e  t i s s u e .  S p e c i f i c  a s s o c i a t i o n  o f  d e rm a ta n  
s u l f a t e  w i th  h i g h l y  c r o s s - l i n k e d  c o l l a g e n  f i b e r s  makes i t  a p p e a r  t h a t  
t h e  s t a t e  o f  c o n n e c t i v e  t i s s u e ,  s p e c i f i c a l l y  m o l e c u l a r  c r o s s - l i n k a g e s ,  
may be  th e  m a jo r  c a u s e  o f  t e n d e r n e s s  v a r i a t i o n  i n  p o rk  m u s c le .
SUMMARY
A s tu d y  was d e s ig n e d  to  d e te rm in e  th e  r e l a t i o n s h i p  b e tw ee n  p o r c i n e  
m u s c l e s ,  q u a l i t y  s c o r e s ,  t e n d e r n e s s  and a c i d  m u c o p o ly s a c c h a r id e  c o n t e n t .  
T w e n ty - fo u r  p i g s  w e ig h in g  a p p r o x im a te ly  95 k g . ,  w ere  u s e d .  C a r c a s s e s  
w ere  c h i l l e d  f o r  24 h r s .  a t  3°C. b e f o r e  c u t t i n g .  S u b j e c t i v e  q u a l i t y  
s c o r e s  w ere  a p p l i e d  a c c o r d in g  t o  W isc o n s in  P o rk  Q u a l i t y  G rad e  S ta n d a rd s  
(A n o n . ,  1963) by a  t h r e e  member p a n e l .  M u sc le s  rem oved from  each  c a r ­
c a s s  w e re :  semimembranoBQus (SM), lo n g i s s im u s  d o r s i  (L D ), b i c e p s  f e m o r i s
(B F ) , p i r i f o r m i s  and g l u t e u s  m edius  (PGM). A r i b  chop 3 .2  cm. t h i c k  was 
rem oved from  th e  lo n g i s s im u s  d o r s i  a t  t h e  1 0 th  r i b  o f  13 c a r c a s s e s  f o r  
t e n d e r n e s s  e v a l u a t i o n .
U nder c o n d i t i o n s  em ployed f o r  t h i s  e x p e r im e n t ,  t h e  f o l l o w i n g  
r e s u l t s  w ere  o b t a i n e d :
(1 )  No s i g n i f i c a n t  d i f f e r e n c e s  w ere  o b s e rv e d  b e tw e e n  m u s c le s  f o r  
any  o f  t h e  AMPS s t u d i e d .  H ow ever, i t  was c o n s i s t e n t l y  fo u n d  t h a t  t h e  two 
m a jo r  m u s c le s  from  th e  ham (SM & BF) h a d  a  h i g h e r  h e x o s a m in e  c o n t e n t  i n  
d e rm a ta n  s u l f a t e ,  e f f l u e n t ,  r e s i d u a l  AMPS m i x t u r e ,  " g l y c o p r o t e i n , "  
h y a l u r o n i c  a c i d  and c h o n d r o i t i n  th a n  d i d  th e  l o i n  m u sc le  (LD) ( F ig u r e  2 ) .  
L o n g is s im u s  d o r s i  m u sc le  h ad  h i g h e r  h ex o sam in e  c o n t e n t  i n  c h o n d r o i t i n  
s u l f a t e s  A & C (F ig u r e  2 ) .
(2 )  A p p ro x im a te ly  87% o f  th e  hex o sam in e  was fo u n d  in  th e  r e s i d u a l  
AMPS m i x tu r e  f o r  a l l  m u s c le s  s t u d i e d .
(3 )  P a l e ,  s o f t ,  e x u d a t iv e  p o r c i n e  m u sc le  h a d  a  s i g n i f i c a n t l y  
(P <  .0 5 )  h i g h e r  h ex o sam in e  c o n t e n t  o f  d e rm a ta n  s u l f a t e ,  r e s i d u a l  AMPS 
m i x t u r e ,  " g l y c o p r o t e i n "  and  c h o n d r o i t i n  th a n  d id  n o rm a l  m u s c le  ( F ig u r e  3 ) .
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FIGURE 2: R e s u l t s  o b ta in e d  f o r  i n d i v i d u a l  m u sc le s  w i th  r e s p e c t  t o  AMPS s t u d i e d
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FIGURE 3: R e s u l t s  o b ta in e d  f o r  PSE and norm al m usc le  w i th  r e s p e c t  t o  AMPS
s tu d ie d
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W h e re a s ,  n o rm a l  m u sc le  h a d  h i g h l y  s i g n i f i c a n t l y  ( P <  .0 1 )  g r e a t e r  co n ­
t e n t s  o f  e f f l u e n t  and h e p a r i n  ( F i g u r e  3 ) .
(4 )  A s i g n i f i c a n t  (P <  .0 5 )  q u a d r a t i c  r e s p o n s e  was found  i n  
h ex o sa m in e  c o n t e n t  o f  c h o n d r o i t i n  s u l f a t e s  A and  C a s  p o r k  q u a l i t y  
d e v i a t e d  from  n o rm a l t o  t h e  PSE c o n d i t i o n .
(5) A h i g h l y  s i g n i f i c a n t  ( P < . 0 1 )  p o s i t i v e  c o r r e l a t i o n  was 
fo u n d  b e tw e e n  s h e a r  v a l u e  and  d e rm a ta n  s u l f a t e .  A h y p o t h e s i s  was made 
t h a t  t e n d e r n e s s  v a r i a t i o n  o b s e rv e d  i n  p o rk  m u s c le  was p r o b a b ly  due  to  
th e  s t a t e  o f  c o n n e c t i v e  t i s s u e ,  s p e c i f i c a l l y  m o l e c u l a r  c r o s s - l i n k a g e s .
(6 )  No s i g n i f i c a n t  c o r r e l a t i o n s  w ere  found  b e tw e e n  s h e a r  v a l u e  
and c h o n d r o i t i n  o r  c h o n d r o i t i n  s u l f a t e s  A and C.
RECOMMENDATIONS FOR 
FUTURE RESEARCH
I t  became i n c r e a s i n g l y  a p p a r e n t  d u r in g  t h i s  s tu d y  t h a t  a c i d  muco­
p o l y s a c c h a r i d e s  p r e s e n t  i n  p o r c i n e  m u sc le  t i s s u e  a r e  b o th  m ore numerous 
and m ore  com plex th a n  w ere  o r i g i n a l l y  b e l i e v e d .  The s t a t e m e n t  by Meyer 
(1966 )  t h a t  " a c i d  m u c o p o ly s a c c h a r id e s  o b ta in e d  from  m ost s o u r c e s  a r e  
a r t e f a c t s — th e  b reakdow n p r o d u c t s  o f  p r o t e i n  c o m p le x e s — i n  p a r t  f r e e  
o f  p e p t i d e s ,  i n  p a r t  c o v a l e n t l y  l i n k e d  to  p e p t i d e  c h a in s  o f  v a r i a b l e  
l e n g t h , "  would a p p r o p r i a t e l y  f i t  t h e  s i t u a t i o n  e x i s t i n g  i n  p o r c i n e  
q u a l i t y  and m u s c le  v a r i a t i o n .
A number o f  t h e o r e t i c a l  p o s s i b i l i t i e s  w e re  b r o u g h t  o u t  c o n c e r n in g  
s t r u c t u r a l  ch an g e s  i n  AMPS an d  t h e i r  p o s s i b l e  f u n c t i o n s  i n  p o r c i n e  q u a l ­
i t y .  T h is  s t u d y ,  a s  w e l l  a s  t h e  work o f  Fox (1968 )  on AMPS b o v in e  m u sc le  
t e x t u r e ,  i n d i c a t e  t h e  n e c e s s i t y  f o r  q u a l i t a t i v e  e x p e r i m e n t s .
C lo se  r e l a t i o n s h i p  o f  AMPS to  s t r u c t u r a l  s t a b i l i t y  o f  c o n n e c t iv e  
t i s s u e  i n d i c a t e s  t h a t  th e  s t a t e  o f  c o n n e c t iv e  t i s s u e ,  s p e c i f i c a l l y  
m o l e c u l a r  c r o s s - l i n k a g e s ,  n e e d s  th o ro u g h  i n v e s t i g a t i o n .
F u tu r e  r e s e a r c h  on AMPS m u s t  be  o r i e n t e d  to w ard  am ino a c i d  a n a l y ­
s i s  o f  t h e i r  p r o t e i n  c o u n t e r p a r t ,  m o le c u la r  w e i g h t  d e t e r m i n a t i o n s ,  and 
u s e  o f  r a d i o i s o t o p e s  f o r  f o l l o w i n g  t h e i r  b i o s y n t h e s i s  and d e g r a d a t i o n  
i n  a d d i t i o n  to  t h e i r  p o s s i b l e  i n c o r p o r a t i o n  i n t o  c o n n e c t iv e  t i s s u e .
The n a t u r e  and p h y s i o l o g i c a l  s i g n i f i c a n c e  o f  th e  i n t e r a c t i o n  b e ­
tw een  AMPS and horm ones m u s t  a l s o  r e c e i v e  c a r e f u l  c o n s i d e r a t i o n .
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APPENDIX
TABLE 10: Individual animal classification within quality scores
QUALITY SC0REa
PSE S L I.  PSE NORMAL
16-2 52 -1 3 -1
1 9 -1 4 5 -1 ■ . .. ■
1 6 -4 18-2 3-9
A nim al
Number 1 1 -1 17-2 64 -6
0 -4 6 -4 1-7
4 - 6 2 0 -8 2-7
1 2 -1 20-9 1 -8
7-2 1-2
1-4
aW is c o n s in  S ta n d a rd s  (A n o n .,  1963)
TABLE 11: Shear value for individual longissimus dorsi
A nim al No. S h e a r  v a l u e a
6 4 -6 1 2 .8 4
1-4 1 1 .7 0
5 2 -1 11 .47
4 5 -1 1 0 .7 5
2 0-8 9 .5 1
0 -4 9 .0 9
1-2 8 .6 6
18-2 8 .3 5
3 -1 8 .2 7
3-9 8 .0 5
7-10 7 .6 4
16-2 7 .2 7
1-8 6 .0 5
a Kg. o f  f o r c e  r e q u i r e d  to  s h e a r  a  2 .5 4  cm. c o r e
59
A
TABLE 12: H exosam ine  c o n c e n t r a t i o n  o f  a c i d  m u c o p o ly s a c c h a r i d e s  i n
s e l e c t e d  m u s c le s  o f  i n d i v i d u a l  a n im a l s  w i t h i n  q u a l i t y  
s c o r e s
A nim al W is c o n s in  D e rm a ta n  R e s i d u a l
N o._________S c o r  jk______M u sc le c S u l f a t e ________ E f f l u e n t   AMPS M ix tu r e
16-2 1 SM 5 4 .0 8 6 0 .8 8 5 0 8 .7 5
LD 1 3 .0 8 1 1 .7 5 3 3 3 .8 8
• ■ - b f  ■* 1 9 .7 6  ■ • • • - '1 7 :7 0 * ■ - 5 4 9 .6 2
PGM 7 0 .7 6 2 2 .6 2 4 6 6 .8 0
19-1 1 SM 8 1 .4 7 1 7 .5 4 6 8 2 .5 0
LD 1 6 .6 9 1 2 .1 1 3 9 3 .7 5
BF 1 8 .2 1 1 5 .6 1 3 9 8 .6 0
PGM 1 6 .8 7 1 6 .7 3 5 0 8 .5 0
16-4 1 SM 9 4 .1 8 4 3 .1 0 7 0 0 .95
LD 1 1 .4 1 1 6 .8 6 4 2 8 .5 0
BF 9 6 .6 5 3 0 .6 2 6 3 2 .6 3
PGM 1 1 .9 9 2 6 .8 5 6 6 4 .2 5
11-1 1 SM 2 3 .2 5 1 3 .5 1 4 0 0 .8 5
LD 1 7 .7 5 9 .5 0 3 9 6 .3 5
BF 6 2 .7 2 1 9 .5 4 4 5 9 .5 0
PGM 2 2 .6 0 1 2 .6 4 4 7 0 .7 0
0 -4 1 SM 5 2 .4 5 10 .25 5 1 2 .5 0
LD 6 9 .5 5 7 .4 5 5 0 0 .5 0
BF 9 6 .5 0 14 .12 4 3 5 .0 0
PGM 7 1 .3 0 11 .12 4 6 4 .5 0
4 - 6 1 SM 7 3 .1 0 10 .25 3 5 9 .0 0
LD 6 7 .2 0 8 .8 5 4 1 2 .0 5
BF 8 4 .7 0 14 .27 5 2 5 .0 0
PGM 6 5 .4 5 16 .45 5 1 2 .5 0
12-1 1 SM 6 7 .2 0 10 .85 3 1 7 .5 0
LD 5 1 .5 5 11 .75 3 1 7 .5 0
BF 8 1 .9 5 15 .8 3 4 9 5 .0 0
PGM 8 4 .7 5 10 .25 3 2 9 .5 0
7 -2 1 SM 8 7 .8 5 9 .3 0 2 0 3 .0 0
LD 9 5 .0 0 10 .25 3 3 6 .0 0
BF 6 4 .2 5 17 .37 2 8 2 .0 0




A nimal W is c o n s in D erm atan R e s id u a l
No. S co red M u sc le 0 S u l f a t e E f f l u e n t AMSP M ix tu r e
5 2 -1 2 SM 3 9 .2 0 1 4 .8 2 7 2 6 .3 7
ID 4 4 .2 6 1 3 .3 8 2 9 3 .8 7
BF 1 1 .5 0 1 6 .5 9 6 3 1 .9 5
PGM 1 3 .1 8 1 5 .6 1 4S6,.25
4 5 -1 2 SM 7 4 .2 0 1 3 .8 2 4 0 5 .1 8
ID 4 5 .6 7 1 8 .7 5 3 9 7 .9 6
BF 8 8 .4 7 5 2 .5 6 4 2 1 .0 4
PGM 3 0 .5 5 2 2 .4 2 4 5 0 .1 6
18-2 2 SM 8 0 .7 2 9 .7 9 5 2 7 .9 5
ID 3 8 .3 2 2 9 .8 8 4 3 6 .4 3
BF 2 3 .8 5 2 1 .4 9 5 7 3 .2 5
PGM 4 9 .4 7 1 7 .8 0 3 1 1 .7 5
17-2 2 SM 1 0 .7 6 1 9 .2 1 3 3 3 .4 0
ID 8 6 .1 4 1 8 .8 1 5 8 5 .5 4
BF 9 3 .2 5 2 6 .3 6 4 3 8 .2 5
PGM 1 3 .4 7 2 6 .8 3 7 8 1 .1 2
6-4 2 SM 1 6 .2 2 2 4 .1 6 5 8 7 .1 2
LD 7 0 .8 5 1 9 .6 5 3 7 9 .6 0
BF 5 3 .8 5 2 7 .4 6 5 9 0 .6 2
PGM 5 4 .3 7 1 7 .8 1 4 5 0 .7 5
20-8 2 SM 1 4 .5 2 1 2 .3 8 5 2 3 .9 0
LD 4 1 .3 4 1 2 .5 1 4 3 4 .7 7
BF 4 8 .7 9 1 3 .2 8 3 6 5 .1 0
PGM 1 6 .7 3 1 1 .6 6 3 7 3 .9 7
20-9 2 SM 6 5 .2 5 2 0 .7 2 7 7 0 .1 2
LD 6 6 .6 5 1 3 .3 8 6 5 8 .6 0
BF 4 3 .8 5 1 6 .9 0 4 1 1 .3 7
PGM 7 4 .9 8 2 0 .7 2 6 4 7 .1 2
1-2 2 SM 2 1 .0 0 2 8 .3 1 3 0 2 .5 0
LD 3 9 .4 0 2 2 .2 1 4 9 0 .0 0
BF 2 7 .4 0 2 6 .9 6 4 9 2 .0 0






W isc o n s in
Score** M u sc le c
D erm atan
S u l f a t e E f f l u e n t
R e s id u a l  
AMPS M ix tu re
1-4  2 SM 5 0 .3 0 2 3 .4 2 2 7 7 .8 5
LD 7 7 .8 7 2 1 .3 2 3 0 7 .5 0
BF 3 4 .1 0 2 0 .7 0 3 3 5 .6 2
PGM'' " 2 8 .5 2 2 0 .4 5 2 2 5 .2 5
1-8  3 SM 6 5 .7 0 1 9 .2 9 5 6 4 .1 2
LD 1 0 .3 1 2 3 .2 1 1 6 7 .6 0
BF 8 1 .4 7 2 2 .2 8 5 5 4 .7 5
PGM 5 6 .7 0 2 7 .6 3 5 4 6 .0 0
3 -1  3 SM 3 4 .3 5 2 9 .7 4 2 7 4 .2 5
LD 2 5 .1 6 3 5 .2 8 2 8 1 .1 0
BF 2 4 .5 0 1 7 .2 3 4 0 5 .1 2
PGM 1 9 .1 0 4 5 .3 1 164 .25
7 -10  3 SM 1 6 .9 0 2 5 .2 8 3 8 1 .5 0
LD 1 5 .2 2 17 .57 2 6 4 .8 0
BF 4 2 .9 2 2 0 .1 9 4 5 0 .5 0
PGM 1 7 .6 1 1 8 .7 0 1 2 8 .2 0
3 -9  3 SM 1 9 .6 7 1 9 .8 5 2 5 1 .5 5
LD 2 1 .1 7 2 9 .9 2 1 3 6 .5 0
BF 1 6 .8 0 2 6 .2 8 4 9 2 .2 5
PGM 3 6 .6 0 - 2 2 .2 5 2 7 3 .0 0
6 4 -6  3 SM 6 0 .5 5 4 9 .1 4 6 0 9 .4 8
ID 8 9 .8 0 3 4 .8 3 4 6 3 .3 6
BF 5 0 .0 4 2 8 .8 9 4 4 3 .3 4
PGM 1 2 .5 0 4 8 .3 5 7 2 5 .2 6
1-7 3 SM 6 7 .2 5 17 .37 3 7 6 .5 0
LD 7 3 .7 0 9 .3 0 3 1 2 . GO
BF 5 4 .4 5 13 .03 3 8 2 .5 0
PGM 2 9 .7 0 8 .6 8 4 1 8 .0 0
2-7  3 SM 3 8 .2 5 2 1 .1 0 4 1 0 .5 0
LD 5 3 .7 0 15 .52 4 0 6 .5 0
BF 7 3 .3 0 2 2 .0 3 4 0 6 .5 0
PGM 6 4 .2 5 10 .25 2 5 8 .5 0
a  j ig .  hex o sam in e /g m . d r i e d ,  d e f a t t e d  m u s c le  t i s s u e  
k W isc o n s in  S ta n d a rd s  (A non .,  19 6 3 ) .  1-PSE; 2 - S l i .  PSE; 3-N orm al
c SM-Sem lm em branosous; LD-L o n g is s im u s  d o r s i ; BF- B ic e p s  f e m o r i s ; 
PGM-MriSbrmis and  G lu te u s  m edius
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TABLE 13: H exosam ine  c o n c e n t r a t i o n 3  o f  a c i d  m u c o p o ly s a c c h a r i d e s  f r a c ­
t i o n a t e d  f ro m  r e s i d u a l  AMPS m i x t u r e  i n  s e l e c t e d  m u s c le s  o f  
i n d i v i d u a l  a n im a l s  w i t h i n  q u a l i t y  s c o r e s
A nim al W is c o n s in M. NaCl F ra c t io n s* *
No. Score*5 M u sc le ^  0 .0 5 0 .5 0 1 .2 5  1 .5 0 2 .0 0
16-2 1 SM 1 0 2 .9 4 2 7 6 .5 3 5 2 ,7 5 1 7 .9 4 1 3 .4 4
LD 5 9 .5 0 1 47 .1 9 4 0 .6 3 1 6 .3 7 1 7 .0 9
BF 9 2 .2 8 2 1 8 .5 4 161 .95 1 5 .8 7 1 4 .2 8
PGM 1 3 1 .9 6 1 8 2 .1 3 5 8 .4 6 1 3 .1 0 1 7 .2 4
19-1 1 SM 1 7 2 .4 3 2 1 6 .5 4 1 8 8 .3 1 2 2 .3 2 1 4 .6 2
LD 1 0 7 .1 8 1 4 4 .1 4 4 7 .4 4 1 6 .6 8 17 .67
BF 1 2 2 .0 0 144 .3 2 4 2 .7 4 1 1 .1 6 14 .6 7
PGM 1 3 0 .3 8 2 2 0 .6 5 4 7 .7 2 2 9 .1 2 2 1 .3 9
16-4 1 SM 180 .6 9 3 1 4 .6 2 127 .49 2 3 .8 0 16 .0 3
ID 8 9 .7 1 2 0 8 .9 5 6 6 .7 2 1 7 .9 6 15 .9 2
BF 1 0 3 .2 9 2 9 8 .6 2 9 9 .4 7 2 0 .5 1 2 0 .1 6
PGM 1 2 8 .2 9 3 3 5 .5 9 129 .42 2 0 .6 4 1 8 .5 9
11-1 1 SM 7 8 .7 2 1 8 8 .2 4 8 5 .5 9 1 7 .4 6 1 2 .3 4
LD 9 0 .8 4 1 5 7 .4 1 7 3 .2 5 1 5 .0 3 1 2 .3 1
BF 1 1 5 .7 6 1 8 7 .73 6 9 .0 2 1 6 .3 7 1 2 .6 1
PGM 9 8 .7 4 2 0 5 .3 0 8 5 .9 6 1 8 .2 0 1 4 .2 2
0 -4 1 SM 1 7 8 .3 1 1 9 3 .5 3 8 3 .1 8 8 .5 3 1 0 .5 0
LD 1 5 3 .5 9 1 7 7 .9 2 8 6 .0 6 2 6 .5 0 9 .3 1
BF 5 8 .3 1 1 5 2 .7 1 5 7 .2 1 1 2 .8 4 1 2 .0 2
PGM 9 5 .5 0 1 3 3 .5 7 1 2 6 .4 3 2 6 .0 4 8 .9 5
4 - 6 1 SM 1 2 8 .7 1 1 6 9 .3 1 6 7 .8 4 1 2 .4 6 1 6 .0 6
LD 1 3 8 .8 1 1 5 8 .2 5 9 2 .1 2 7 .9 6 8 .9 1
BF 2 0 5 .8 4 2 9 0 .7 1 5 4 .6 8 1 7 .6 5 1 0 .0 9
PGM 1 7 0 .0 0 1 9 0 .3 7 6 6 .0 0 1 9 .0 8 1 0 .0 9
12-1 1 SM 1 1 1 .7 5 1 1 1 .9 6 107 .25 1 0 .4 9 1 0 .6 2
LD 6 1 .1 5 162 .15 3 2 .9 1 1 2 .0 3 9 .5 3
BF 1 2 1 .8 4 1 2 5 .3 1 17 .62 1 8 .5 3 1 9 .1 3
PGM 1 3 3 .3 1 1 2 6 .9 1 1 6 .0 0 9 .7 2 7 .2 5
7-2 1 SM 5 6 .0 1 7 7 .8 3 17 .47 2 6 .3 7 1 0 .4 6
LD 1 0 8 .0 5 121 .75 5 6 .4 0 8 .7 7 1 2 .0 9
BF 4 3 .0 6 1 4 5 .0 9 2 1 .4 0 7 .9 6 1 1 .4 7







S c o re
Ln
5 M u sc le c
M. NaCl F ra c t io n s '*
0 .0 5 0 .5 0 1 .25 1 .5 0 2 .0 0
5 2 -1 2 SM 116 .23 3 2 6 .7 4 182 .47 4 2 .7 3 1 6 ,1 6
LD 3 1 .1 4 143 .63 4 7 .0 6 3 0 .5 5 1 4 .6 4
BF 148 .72 219 .3 7 135 .43 1 7 .5 5 18 .83
PGM 1 5 5 .9 3 2 1 2 .5 9 3 8 .0 7 1 5 .7 1 1 5 .4 8
4 5 -1 2 SM 107 .32 152 .47 6 4 .3 9 19 .5 2 16 .95
LD 8 7 .7 1 1 4 7 .0 8 6 7 .3 9 16 .5 9 15 .37
BF 5 7 .5 9 2 1 2 .8 8 7 0 .1 5 1 7 .5 6 16 .42
PGM 107 .16 173 .56 8 9 .0 7 1 9 .5 0 1 7 .0 3
18-2 2 SM 1 2 2 .2 0 209 .3 7 3 9 .6 7 1 8 .6 0 1 7 .7 0
LD • 1 2 1 .4 6 2 4 0 .4 3 2 5 .9 3 1 8 .8 1 1 6 .7 1
BF 1 1 5 .5 4 2 7 2 .0 9 5 1 .8 9 1 7 .9 2 12 .29
PGM 108 .48 127 .67 15.68 1 4 .5 9 1 4 .2 3
17-2 2 SM 5 1 .7 5 1 4 0 .1 3 9 0 .8 0 2 3 .4 8 19 .22
LD 1 4 3 .3 3 2 5 9 .0 0 109 .2 4 4 2 .5 6 2 0 .2 8
BF 8 1 .4 5 1 6 1 .9 1 117 .25 2 1 .1 2 2 0 .7 3
PGM 2 0 8 .1 3 3 2 3 .2 8 144 .4 0 2 0 .8 6 2 1 .6 7
6-4 2 SM 9 5 .6 7 2 8 4 .5 0 7 2 .6 2 1 7 .3 9 1 2 .8 4
LD 9 4 .8 0 172 .46 6 4 .8 7 1 9 .9 8 1 4 .7 2
BF 1 5 0 .2 0 2 6 2 .3 4 8 4 .2 9 1 7 .1 6 18 .98
PGM 8 5 .5 6 2 6 9 .5 6 5 1 .5 7 1 7 .6 0 1 5 .9 0
20-8 2 SM 107 .58 2 4 5 .3 2 8 8 .0 7 2 7 .7 1 2 6 .6 0
LD 9 6 .2 8 108 .31 8 2 .8 7 3 2 .0 6 2 8 .4 5
BF 8 3 .2 3 143 .53 5 7 .1 6 2 5 .8 4 2 5 .6 0
PGM 7 6 .5 6 174 .12 4 2 .1 7 3 2 .8 8 2 5 .4 8
20-9 2 SM 148 .36 3 3 4 .3 0 177 .57 3 0 .4 8 2 7 .8 7
LD 1 2 3 .7 4 2 4 8 .8 7 8 0 .3 6 6 8 .3 7 3 1 .7 5
BF 5 9 .5 7 106 .38 8 1 .7 5 4 1 .3 6 3 2 .0 3
PGM 128 .06 2 8 3 .0 6 8 3 .6 2 5 3 .9 9 3 3 ,1 8
1-2 2 SM 5 1 .1 2 1 1 9 .7 5 8 5 .3 6 14 .58 13 .37
LD 1 2 6 .6 4 2 5 9 .6 1 7 1 .8 9 2 0 .5 0 17 .37
BF 1 0 8 .7 0 2 3 0 .0 8 106 .59 19 .95 10 .62




A nim al W isc o n s in M NaCl F r a c t i o n s ^
No. S c o re d  M u sc le1" 0 .0 5 0 .5 0  1 .2 5  1 .5 0 2 .0 0
1 -4  2 SM 2 2 .7 7 173 .41 4 4 .5 7 19 .27 1 7 .5 6
LD 6 9 .2 4 156 .29 2 9 .5 1 1 6 .6 1 1 8 .4 6
BF 8 6 .4 6 129 .21 5 6 .6 3 1 5 .0 1 1 3 .4 4
PGM 5 6 .0 3 9 3 .9 1 3 7 .4 8 1 4 .7 0 1 0 .6 2
1 -8  3 SM 1 3 6 .26 2 8 7 .2 9 6 3 .7 0 1 8 .3 4 1 8 .2 1
LD 4 2 .1 6 6 0 .1 9 2 6 .6 1 1 6 .8 9 14 .88
BF 1 0 3 .7 6 3 4 2 .6 4 3 3 .3 4 2 0 .8 4 17 .72
PGM 163 .07 268 .7 5 7 4 .8 5 1 8 .2 2 1 3 ,8 4
3 - 1  3 SM 4 7 .6 3 108 .93 4 4 .9 4 1 4 .7 0 10 .62
LD 3 5 .5 0 110 .25 5 7 .2 0 1 9 .2 6 1 0 .6 2
BF 8 7 .3 4 2 3 5 .0 0 4 5 .2 2 17 .57 1 3 .2 8
PGM 1 7 .1 7 7 1 .2 6 3 6 .6 7 1 7 .9 1 1 4 .8 5
7 -1 0  3 SM 8 5 .3 0 160 .27 7 0 .2 0 1 8 .4 1 15 .0 6
LD 2 2 .3 2 110 .18 6 1 ,7 4 2 3 .8 7 1 7 .2 1
BF 121 .19 184 .32 9 0 .9 9 1 5 .7 8 14 .4 8
PGM 16.47 5 7 .7 3 1 5 .5 0 1 3 .6 9 2 0 .7 6
3 - 9  3 SM 7 6 .8 4 8 7 .8 4 4 8 .3 5 1 4 .6 8 15 .65
ID 1 4 .6 1 5 1 .2 3 3 1 .3 2 1 0 .8 4 1 2 .1 1
BF 124 .73 1 5 7 .6 0 5 4 .2 2 1 8 .2 2 1 9 .2 1
PGM 2 0 .9 3 133 .71 5 0 .8 3 1 3 .3 1 1 6 .9 3
6 4 -6  3 SM 129 .09 2 7 1 .4 6 1 4 .5 0 1 2 .7 6 11 .0 5
LD 113 .0 4 163 .32 1 1 3 .0 4 2 3 .9 6 19 .42
BF 8 8 .5 9 169 .2 3 1 1 9 .3 8 2 8 .9 5 2 0 .0 6
PGM 196 .47 3 1 8 .1 3 106 .28 1 7 .1 8 2 0 .9 4
1-7  3 SM 6 3 .2 1 163 .4 3 2 1 .4 0 2 8 .4 1 2 9 .6 9
LD 5 0 .8 1 9 8 .1 5 1 7 .8 4 2 9 .1 6 3 2 .4 6
BF 7 8 .7 1 9 9 .3 1 17 .4 9 3 0 .4 6 2 8 .0 3
PGM 132 .75 1 7 4 .0 0 2 1 .7 2 3 0 .6 2 2 8 .5 3
2 -7  3 SM 1 6 4 .4 0 151 .63 1 8 .4 1 3 8 .7 8 1 9 .7 1
LD 145 .31 1 4 8 .75 1 8 .6 6 3 2 .4 7 2 9 .6 2
BF 1 17 .6 6 1 7 5 .3 4 2 8 .7 1 3 8 .5 6 2 9 .6 8
PGM 5 1 .9 7 128 .7 1 4 2 .0 0 8 .4 1 8 .9 0
a  jig. h ex o sam in e /g m . d r i e d ,  d e f a t t e d  m u s c le  t i s s u e
W isc o n s in  S ta n d a rd s  (A n o n . ,  1963 ) .  1-PSE; 2 - S L I .  PSE: 3-N orm al
c SM-Sem im em branosous: LD-L o n g ia s im u s  d o r s i ; BF- B ic e p s  f e m o r i s ; PGM- 
P i r i f o r m i s  and  G lu te u s  m e d iu s .
^  O .O S - ^ g ly c o p r o te in 1’ ; 0 . 5 0 - h y a l u r o n i c  a c i d ;  1 .2 5 - c h o n d r o i t i n ;  1 .5 0 -  
c h o n d r o i t i n  s u l f a t e s  A &  C; 2 . 0 0 - h e p a r i n
TABLE 14: Analysis of variance for dermatan sulfate fraction
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S o u rc e d .  f . Mean S q u a re s
T o t a l 96
R e d u c t io n 12 19478 .04
C o r r e c t i o n 1 21994 .07
M usc le 3 710 .97
W is c o n s in  S co re 2 2 027 .72
1 v s  3 1 3 5 3 4 .8 0 *
1, 3 ,  v s  2 1 4 1 4 .8 2
M. x W. S. 6 663 .5 3
E r r o r 84 687 .7 0
*  P ( < . 0 5 )
TABLE 15: A n a l y s i s  o f  v a r i a n c e f o r  e f f l u e n t f r a c t i o n
S o u rc e d .  f . Mean S q u a re s
T o t a l 96
R e d u c t io n 12 3 447 .94
C o r r e c t i o n 1 4 0058 .99
M usc le 3 5 7 .5 7
W isc o n s in  Score 2 3 9 4 .2 1 *
1 v s  3 1 788 .40**
1, 3 ,  v s  2 1 0 .8 2
M. x W. S . 6 9 4 .0 6
E r r o r 84 95 .59
* P ( < . 0 5 )
** P « . 0 1 )
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TABLE 16: Analysis of variance for residual AMPS mixture
S o u rc e d . f . Mean S q u a re s
T o t a l 96
R e d u c t io n 12 1532185.83
C o r r e c t i o n 1 17604003.77
M usc le 3 390 0 8 .6 4
W is c o n s in  S c o re 2 6 8 3 1 7 .10*
1 v s  3 1 76046 .97*
1, 3 ,  v s  2 1 66154 .68
M. x  W . .S . , 6 6 873 .39
E r r o r 84 18813 .73
* P ( <  .05)
TABLE 17: A n a l y s i s  o f  v a r i a n c e f o r  " g l y c o p r o t e i n " f r a c t i o n
S o u rc e d . f . Mean S q u a re s
T o t a l 96
R e d u c t io n 12 83241 .97
C o r r e c t i o n 1 95 5 702 .86
M uscle 3 1895 .41
W isc o n s in  S c o re 2 5084 .29
1 v s  3 1 10138 .63*
1, 3 ,  v s  2 1 1 .7 3
M. x W. S. 6 1296 .58
E r r o r 84 1923 .44
* P(< .05)
TABLE 18: Analysis of variance for hyaluronic acid fraction
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Source d . f . Mean S q u a re s
T o t a l 96
R e d u c t io n 12 2 7 1 9 2 5 .2 4
C o r r e c t i o n 1 3183187 .02
M uscle 3 9 9 2 3 .5 9
W isc o n s in  S c o re 2 13900.59
1 vs  3 1 6019 .67
1, 3 ,  v s  2 1 10747 .99
M. x W. S . 6 2 7 6 8 .9 6
E r r o r 84 4 7 7 1 .1 6
TABLE 19: A n a l y s i s  o f  v a r i a n c e f o r  c h o n d r o i t i n f r a c t i o n
S ource d .  f . Mean S q u a re s
T o t a l 96
R e d u c t io n 12 390 8 8 .1 2
C o r r e c t i o n 1 4 3 1 0 5 3 .6 7
M uscle 3 23 1 6 .1 7
W isc o n s in  S c o re 2 50 3 0 .5 4 *
1 vs  3 1 58 4 6 .7 2 *
1, 3, v s  2 1 4 6 2 0 .8 7
M, x W. S . 6 4 5 0 .6 7
E r r o r 84 1515 .63
* P( <,05)
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TABLE 20: Analysis of variance for chondroitin sulfates A and C fraction
S o u rce d .  f . Mean S q u a re s
T o t a l 96
R e d u c t io n 12 3 6 1 3 .0 4
C o r r e c t i o n 1 4 0 7 8 0 .0 6
M usc le 3 2 7 .8 7
W is c o n s in  S c o re 2 51 6 .2 3 * *
1 v s  3 1 3 0 8 .5 2
1, 3 ,  v s  2 1 6 8 4 .5 9 *
M. x W. S. 6 7 9 .3 8
E r r o r 84 8 7 .8 6
* P ( < . 0 5 )  
** P ( <  .01 )
TABLE 21: A n a l y s i s  o f  v a r i a n c e f o r  h e p a r i n f r a c t i o n
S o u rce d .  f . Mean S q u a re s
T o t a l 96
R e d u c t io n 12 2 6 2 7 .4 8
C o r r e c t i o n . 1 301 6 3 .2 3
M usc le 3 4 4 .7 6
W isc o n s in  S c o re 2 4 6 7 .7 0 * *
1 vs  3 1 8 1 8 .6 2 * *
1, 3 ,  v s  2 1 9 3 .3 6
M. x  W. S. 6 4 0 .3 3
E r r o r 84 6 3 .9 8
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